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Nothing Needed but the Chainpagne 


WE ARE beginning to take a new attitude toward the 
opening of large central stations, as the above illustration 
shows. We are beginning to treat them as public events, 
rather than as strictly engineering procedures, and to put 
them on a parity with the launching of ships, the open- 
ing of great bridges and the laying of cornerstones of great 
buildings. Nothing is needed in the interesting group above 
but a bottle of champagne for the young lady to break 
over one end of the turbine. 

This photograph was taken on December 10, 1925, at 
the formal dedication of Columbia Power Station, a new 
base load station of the Columbia Power Co., located on the 
Ohio River about 20 mi. from Cincinnati, Ohio. “The sta- 
tion is designed for an ultimate capacity of 360,000 kw. 
The ceremonies attending the opening were elaborate and 
unusually interesting. Miss Virginia Junggren, daughter 
of the designer of the tandem-compound 45,000-kw. turbo- 
generators installed in Columbia, started the first unit, as 
shown above. 

In short, nothing was left undone to make the opening 
of Columbia Power Station a public occasion not only for 
the people of Southwestern Ohio, which the station will 
serve,<but also for the general public. This general public, 
of course, is more interested in the size and cost of the 
undertaking and the results that will be obtained. To the 
engineer, however, the details of construction and equip- 
ment are of vital importance and he will find these details 
in the description of Columbia Power Station in this issue. 
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Serves Southwestern Ohio 
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New Puant or CotumsBia Power Co., Anout 20 Mi. West or CINcINNATI, Uses PULVERIZED CoAL, 
TANDEM-COMPOUND TURBINES WITH REHEAT, AIR PREHEATERS AND OTHER INTERESTING EQUIPMENT 








EAR THE CONFLUENCE of the Ohio River 
and the Big Miami River, about 20 mi. from 
Cincinnati, Ohio, the Columbia Power Co. has 
recently put into operation its new Columbia 
Power Station. This station, the first unit of 
which contains two 45,000-kw. tandem turbo-generators, 
is designed to have an ultimate capacity of eight generating 
units, a total of 360,000 kw. The plant, formerly known 
as Miami Fort Station, is designed to take the base load 
of the Columbia Gas & Electric Co.’s system. At the present 
time it is tied in with the West End station in Cincinnati 
and with the Miller’s Ford Station at Dayton, Ohio. 
General arrangement of the plant is shown in the 
headpiece and in Fig. 12, the layout of equipment appear- 
ing in Figs. 7, 9 and 11. The plant building itself is con- 
structed. on concrete piers, as shown in Fig. 9, the walls 
being of red tapestry brick with limestone trim and steel 
window sash. The building proper is approximately 390 
ft. long and 192 ft. wide, as shown in Fig. 11, exclusive 
of the crib house. The plant stands on the north bank of 





























SLIP RING INDUCTION MOTORS DRIVE sIx 57-IN. 
SCREEN TYPE MILLS 


FIa. 1. 





the Ohio River, the coal handling and storage equipment 
being to the east of it. 


Most oF Coat TO BE RECEIVED By RIvER 

Under normal operating conditions, most of the coal 
burned at Columbia Station will arrive by river in steel 
coal barges holding 1000 t. each. To provide for emergen- 
cies, however, coal can be brought in by rail. The coal 
storage space has an area of about 300,000 sq. ft. and will 
hold 122,000 t. of coal piled 20 ft. deep and 180,000 t. 
piled 30 ft. deep. 

Rail coal is received in hopper bottom cars, which dump 
into a frack hopper near the north end of the conveyor. 
From this hopper it is fed by reciprocating feeders to a 
belt conveyor leading to the junction house, which forms 
the terminal of the north wing of the main conveyor, which 
takes the coal to the. crusher house, shown in Fig. 11 B, 
and Fig. 12. Coal is dumped from the belt conveyor into 
a hopper in the top floor of the crusher house and from 
this hopper can be spouted out to the initial storage pile 








FIG. 2, STORAGE BATTERIES GIVE RESERVE EXCITATION AND 
D.C. STATION POWER 
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FIG. 3. 10,000 kv.A., 66,000-v. POWER TRANSFORMERS AT 
LEFT, STATION AUXILIARY TRANSFORMERS AT RIGHT 
or sent to the crushers directly under the hoppers. Two 7° 5. INSTALLING TRIPLEX PULVERIZED COAL FEEDERS 
No. 60 American Ring Crushers are installed here, each a oe Sa oe 
driven by a direct-connected, 100-hp. squirrel cage motor 
J and each of 250 t. per hr. capacity. From these crushers in the operator’s cab, a small house located just below the 
the coal is put on the west wing of the belt conveyor lead- level of the bridge. The bucket deposits coal in a 100-t. re- 
ing from the crusher house to the northeast corner of the ceiving hopper on the lower level; from this hopper the 
station building, as shown_in the headpiece and in coal is dropped onto the south wing of the belt conveyor. 
Figs. 10 B and 12. ; 
rent Coal arriving by water is handled by the unloading Bett Conveyors HANDLE 500 Tt. or Coat aN Hour 
tower shown in Fig. 10 F. and also at the right of both Belt conveyors travel at a speed of 170 ft. per min. 
Fig. 12 and the headpiece. The grab-bucket has a capacity and have a capacity of 500 t. an hour. Coal passing on the 
of 4 t. and the whole equipment is designed for a capacity belt conveyor from the barge unloading tower goes to the 
coal of 375 t. per hr. At the top of the tower is a house con- hopper in the crusher house, as mentioned above, from 
tel taining the hoist control and the bucket hoisting motors which it can be discharged to storage or crushed and sent 
pene with Ward-Leonard variable voltage control, the contactor to storage or to the belt conveyor leading into the plant, 
0m panels and electrical devices for the control being mounted in the same manner as rail coal. A Beaumont 4-t: drag 
will beside the motors. In this house are also located two 75-cu. scraper is used to distribute the coal in the storage space 
yt ft: per min. motor-driven air compressors, which supply or to reclaim it for use. 
compressed air for all clutches and brakes on the hoisting At the top level of the preparation room are two 500-t. 
mf equipment. All the controls for this equipment are centered raw coal bunkers. Coal passes from these bunkers to the 
oa 
rms 
Lich 
—=&B, 
into 
rom. 
pile 











\ND 


FIG. 4. HIGH AND LOW PRESSURE TURBINE CYLINDERS, MAIN GENERATOR AND EXCITER AND AUXILIARY GENERATOR ARE 
ON ONE SHAFT 
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FIG. 6. 66,000-V. FEEDER CONTROL PANEL AT HARTWELL 
TERMINAL SUBSTATION 


drag conveyor shown in Fig. 9, which takes it to the two 
indirect pulverized coal fired rotary dryers. These are 6 ft. 
in diameter and 50 ft. long, with a capacity of 30 t. each 
when removing 3 per cent of moisture. Hot gases from the 
dryer furnace pass around and through the dryer to an 
exhaust fan which forces the gases through a cyclone separ- 
ator and air washer to the atmosphere. From the dryers, 
the coal is carried on another drag conveyor, shown just 
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below the dryers in Fig. 9, to the small bins that feed the 
pulverizing mills. These consist of six 57-in. vertical gear- 
driven screen type mills of 8 t. an hour capacity each and 
one 70-in. mill of the same type of 20-t. an hour capacity. 
Pulverized coal from the mills is pumped to the weigh bins 
by three 6-in. Fuller-Kinyon pumps, installed on the main 
floor between the mills. The weigh bins, as shown, are 
large conical bins mounted on Fairbanks scales. The two 
10-in. Fuller-Kinyon pumps that pump the pulverized 
coal to the bunkers in the boiler room take the coal from 
these weigh bins, which are arranged so that one bin can 
be weighed and coal pumped independent of the other. 

Transport lines for the pulverized coal lead from the 
pumps up to the coal bunker floor in the boiler house. Two 
8-in. pipe lines are used for transport, one from each Ful- 
ler-Kinyon pump. These lines are equipped with the stand- 
ard type of Fuller-Lehigh two-way electro-pneumatically 
controlled valves for controlling the flow of pulverized 
coal to the various boiler bunkers. Bin level indicators are 
supplied on these bunkers which indicate by means of lights 
on a control board when the bin is full.. Details of burners 
and feeders will be given after describing the boilers. 


Ercur Borters Are Now INSTALLED» 

Six standard boilers and two reheat boilers are installed. 
Figure 10 G shows a standard boiler under erection with 
the economizer in place behind it. These boilers are of the 
cross-drum sectional water tube type, designed for 650 lb. 


CONDUIT 
TUNNELS 


AIR-COOLED FURNACES ARE EQUIPPED WITH BOTH VERTICAL AND HORIZONTAL BURNERS, PRIMARY AIR BEING USED 


TO COOL ASH PIT 
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pressure, with heating surface of 15,110 sq. ft. each. Super- 
heaters of the interdeck type are mounted, as shown in 
Fig. 7, between the tube decks of the standard boilers. 
Five of these superheaters have 2760 sq. ft. of superheat- 
ing surface each; the sixth one has 3184 sq. ft. and is 
equipped with a sliding damper to regulate the superheat. 

Two reheat boilers, each with water heating surface 
of 6066 sq. ft. are installed, with primary superheaters of 
1409.8 sq. ft. installed but designed for a total of 1878.5 
sq. ft. if necessary. The interstage superhedter of each 
boiler, or reheat section, as it is often called, has a heating 
surface of 17,612 sq. ft. 

Immediately behind each boiler is a 7300-sq. ft. wrought 
steel counter flow economizer, flue gas from the boilers 
passing down through this, making a 180-deg. turn and 


then passing up to a 9888.5 sq. ft. tubular type air pre- _ 


heater.. From the air preheaters the flue gas is drawn by 
the induced draft fans, which will be described later. 


TuBEs ARE CLEANED WITH COMPRESSED AIR 

Among the interesting features of the above described 
boiler installation is the provision for blowing tubes by 
compressed air, in order to eliminate the use of high-pres- 
sure steam for this purpose and at the same time to keep 
the heat balance of the station constant. Slight changes 
in the nozzles have been made to adapt the soot cleaners 
to air instead of steam, but otherwise the cleaning is done 
in the same way. It has not been found necessary to heat 
the air, which is taken at about 100 lb. pressure from the 
air storage tanks. 

Another interesting item of boiler equipment is the 
high pressure plate type water column with which each 
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FIG. 8. POWER FROM COLUMBIA IS SENT 20 MI. TO THIS 
66,000-v. OUTDOOR SUBSTATION AT HARTWELL 


boiler was equipped by the manufacturer. These water 
columns are illuminated from the rear in such a way that 
the meniscus of the water level in the column is shown as 
an exceedingly bright spot to the operators at the control 
boards. Automatic control of feed water level is maintained 
by S-C feed water regulators; these are practically the 
only automatic regulating apparatus used on the boilers. 
In Figs. 7, 9 and 11 is shown the general arrangement 
of the pulverized coal feeders, induced and forced draft 
fans. The coal is pumped from the weigh bins into small 
steel bunkers in front of each boiler. These bunkers are in 
groups of four, as shown in Fig. 9, each group holding 
about 75 t. of pulverized fuel. 
' There are 5 triplex feeders for each boiler, the two 


PULVERIZED 


COAL BUNKER 


FIG. 9. LONGITUDINAL SECTION SHOWS CONDENSER WELL, ASH SLUICE, COAL FEEDER PIPING AND COAL PREPARATION PLANT 
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FIG. 10. POINTS OF INTEREST AT COLUMBIA POWER STATION 


A—tThree six-stage centrifugal boiler feed pumps, one tur- 
bine-driven and two motor-driven, serve each battery of boilers. 
B—Ash storage tank and ash pump house are outside near the 
two service water storage tanks. C—Operating room, looking 
toward turbine room, showing turbine control bench board and 
synchronizing panel. D—Eight motor-driven traveling screens, 
about 86 ft. long overall, are installed in the crib house. E— 


Coal passes from track hopper or barge unloader to crusher 
house on 42-in. belt conveyor. F—Barge unloading tower can 
handle 375 t. an hour with a 4-t. grab bucket. G—Standard 
boiler under erection, with wrought steel economizer in place. 
H—High and low pressure cylinders of one of the 45,000-kw. 
turbines, showing reheat connections with by-pass leads and 
control valves. Note the spring suspension of the reheat piping. 
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outside feeders supplying coal to 6 horizontal flare type 
burners in the front wall of the furnace near the bottom. 
The three inside feeders supply 9 vertical flare type burners 
installed in the regular way in the top of the furnace. This 
‘arrangement of burners is entirely new and is designed to 
produce turbulent action of the pulverized coal flames 
when operating the station at high ratings. For the lower 
ratings, only the vertical burners will be used. 

Pulverized coal feeders are driven by d.c. motors, one 
motor to a group of three feeders, the individual feeders 
being connected to it by solenoid operated clutches con- 
trolled from boiler control boards on the operating floor. 

Arrangement of feeders and primary air fans is some- 
what different from the usual layout, as shown in the draw- 
ings. Motor-driven primary air fans, located on the main 
boiler room floor, take air from the air cooled ash pit and 
force it into headers, one in front of the six horizontal 
burners, and one a few feet above the level of the vertical 
burners, as shown in Fig. 9. Pipes carrying pulverized 
coal from the feeders are connected with the primary air 
supply just in front of the headers, the mixture going 
thence to the burners in the regular way. 

Construction of the boiler furnaces is shown in detail 
in Fig. 7. Each furnace has a volume of 12,568 cu. ft. 
above the ash pit and 14,368 cu. ft. including the ash pit. 
The side walls are of the Detrick sectional supported type 
and are of tile supported on iron hangers with an air cool- 
ing space properly baffled, with dampers in the rear wall 
to control air admission and prevent chimney action. 
Secondary combustion air enters the hollow walls through 
these dampers, passes around and into the furnace through 
suitable ports in the front wall. 


Primary Arr Coots AsH Pit 


Construction of the ash pit is as shown in Fig 7. This 
ash pit is nothing more than an extension of the furnace, 
built in the form of a hopper with hollow walls through 
which primary combustion air is taken, cooling the walls 
and preheating the air. The hopper terminates in a small 
well with an ash gate at its bottom from which the ash is 
dropped directly into a sluiceway, which washes it out of 
the plant. Sluicing water is supplied mostly by drains 
from the oil coolers and other miscellaneous equipment 
about the plant. Ash grinders are provided so that the ash 
can be ground before dropping into the sluiceway. The 
latter leads to a pit east of the plant, shown near the water 
tanks at the left of Fig. 10B. It is 40 ft. in diameter and 
30 ft. deep and the building over one half of it contains 
an 8-in. single stage 1700-g.p.m. American Manganese 
Steel Co. ash disposal pump. It pumps the ash for filling 
purposes about the yard. 

One of the standard boilers of No. 2 battery is now 
being equipped with a cylindrical furnace, in which the 
coal burners will be set at an angle in the sides so that 
their flames will enter tangent to an imaginary 10-ft. cir- 
cle in the furnace and thus produce a turbulent action. 

-It will be noted also that a large hopper collects the 
ash and soot from the air preheater and economizer, a pipe 
leading down from this to the ash sluice beneath the boilers. 

Air for combustion, taken through a duct from the in- 
duced draft fan room as shown, is brought down through 
the air preheaters to the forced draft fans. Each boiler 
has one double inlet forced draft fan direct connected to 
two variable speed Allis-Chalmers slip ring induction 
motors, one on either end of the fan shaft. One motor de- 
velops 60 hp. at 600 r.p.m., the other 125 hp. at 750 r.p.m., 
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the change-over from one to the other for variations in 
boiler load being made by remote controls on the boiler 
panel. The armature of one motor is driven idle by the 
other motor that is driving the fan. 

Air from the forced draft fans passes through a duct 
to the rear wall of the boiler, where it enters the hollow 
wall described above. Some of it, however, passes through 
the branch connection to the ash pit hollow walls and 
thence to the primary air fans on the main floor. 

Induced draft fans, located above the boilers, as shown 
in Fig.. 7%, are of the same type as the forced draft fans, 
with the same size and type motors direct connected for 
duplex drive and remote control from the boiler panels. 
These fans draw the flue gas to the steel brick-lined stacks ; 
both of these are 175 ft. high above the boiler room floor. 

‘Boiler feed water is pumped to the boilers by six 
Cameron 6-stage centrifugal pumps, located, at the west 
end of the boiler room on the main floor as shown in Fig. 
10A. Four of these pumps have a capacity of 400 g.p.m. 
each against 680 lb. and are driven by 400-hp. direct con- 
nected Allis-Chalmers 3-phase, 60-cycle, 1800 r.p.m. 
motors. The other two pumps have a capacity of 500 g.p.m. 
each against 680 lb. and are driven by Terry: type C. S. 
340-hp. steam turbines. Mercon excess ‘pregsute’ regulators 
are installed on all these pumps. 


TANDEM-ComPpouND Turbines Use Retivatep Stream! 
Figure 4 shows one of the two 45,000-kw. turbo- 
generator units now installed in the turbine room. These 
turbines are of the tandem-compound type, with 14 stages 
in the high pressure and 12 stages in the low pressure 
cylinder. Steam pressure at the throttle is 550 to 600 lb. 
gage, 750 deg. total temperature, the entire volume of steam 


being taken from the turbine after passing through the 
high pressure cylinder, reheated at 120 lb. gage to 725 
deg. and returned to the low pressure cylinder at 110 lb. 
gage and 725 deg. 

Main generators are rated at 45,000 kw. each at 0.9 
power factor, or 48,000 kv.a. They operate at 1800 r.p.m. 
and generate 60-cycle, 3 phase power at 13,200 v. The 
main generator exciters are mounted on the main shafts 
of their respective units and are shunt wound machines 
rated at 270 kw. at 250 v. On the main shaft of each unit 
is also mounted a 2860 kv.a., 2300-v. auxiliary house gen- 
erator. These turbo-generators were furnished by General 
Electric Co. 

Ventilation for the above generators is furnished by 
General Electric surface air coolers. The cooling medium 
is condensate or ground water for the main sections and 
ground water for the auxiliary sections. Provision is made 
for injecting inert gas through the cooling air ducts to 
give fire protection. 

In view of the average variation of 64 ft. between high 
and low water of the Ohio River at the site of Columbia 
Power Station, the location of condensers and circulating 
pumps was a matter of great importance. Accordingly, a 
condenser well 77 ft. inside diameter and 85 ft. deep from 
the turbine room floor was constructed, the wall being of 
reinforced concrete 7 ft. thick. This installation is shown 
in Figs. 9 and 11. Two Worthington vertical inclined sur- 
face condensers, one for each unit, were installed, exhaust 
connections to the turbines being made by the exhaust 
stack shown in Fig. 9. Each condenser has tube sheets 
drilled for 50,000 sq. ft. of tube surface, with 48,000 sq. 
ft. installed. : 

- On the floor of the condenser well are installed four 
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Principal Equipment at Columbia Power Station 


GENERAL 
Location of plant, about 20 mi. west of Cincinnati, O. 
Capacity of installed building, 90,000 kw., ultimate, 360,000 kw. 


Boiler room dimensions, 190 ft. wide, 232 ft. long, including 
coal preparation room. 


Turbine room dimensions, 111 ft. 5% in. wide, 174 ft. 5 in. 
long. 

Switch house dimensions, 46 ft. 34% in. wide, 166 ft. long. 

Contractor for station construction .... The Foundation Co. 


Designing Engineers, Sargent & Lundy, Inc. 


BorLers, SUPERHEATERS AND ECONOMIZERS 


Babcock & Wilcox Co. cross drum sectional water tube 
boilers. Heating surface, 15,110 sq. ft. each; tubes in two 
decks. Lower deck, 36 sections 8 tubes high, 3% in. 
No. 6 gage tubes, 17 ft. long. Upper deck 8 tubes high, 
2 in. No. 9 gage tubes. Drums of 1% in. steel, 48 in. 
dia., 32 ft. 1014 in. long. Working pressure 650 Ib. gage. 


Babcock & Wilcox Co. reheat boilers, heating surface 6066 
sq. ft.; working pressure, standard section 650 lb. gage. 
Reheat section, 17,612 sq. ft.; working pressure, 120 Ib. 
gage. Primary superheater 1409.8 sq. ft. installed, 
provision for 1878.5 sq. ft. 

Standard Babcock & Wilcox Co. interdeck superheaters, five 


with 2760 sq. ft. each, one with 3184 sq. ft. equipped with 
control damper. Total steam temperature 750 deg. F. 

Babcock & Wilcox Co. economizers. 7300 sq. ft. of 2-in. 
wrought steel tubing. 

Air-cooled pulverized coal furnaces, built by Bishop Con- 
tracting Co., arches by M. H. Detrick Co., firebrick by 
Chas. Taylor & Sons Co. Volume above ashpit 12,568 cu. 
ft.; including ash pit, 14,368 cu. ft.. Tile supported from 
cast iron hangers; side walls cooled by secondary combus- 
tion air; ash pit walls cooled by primary combustion air. 

Soot Blowers, Vulcan Soot Cleaner Co., using compressed air; 
26 heads on each standard, 32 heads on each reheat boiler. 

8 §S-C Feed Water Regulators furnished by the S-C Regulator 
Mfg. Co. 


Atr PREHEATERS AND Drarrt EQUIPMENT 


Babcock & Wilcox Co. tubular air heaters. 9888.5 sq. it. 
each; 1080 21% in. tubes 14 ft. long. 


Buffalo Forge Co. double inlet forced draft fans, direct 


connected to one 60-hp., 600-r.p.m., and one 125-hp., . 


750-r.p.m., 2200-v. Allis Chalmers Mfg. Co. variable speed 
slip ring induction motor. 

Buffalo Forge Co. double inlet induced draft fans direct 
connected to one 60-hp., 600-r.p.m. and one 125-hp., 750- 
r.p.m. 2200-v. Allis Chalmers Mfg. Co. variable speed slip 
ring induction motor. 

Fort Pitt Bridge Works steel stacks, brick-lined; south 
stack, serving 4 boilers 16 ft. in dia.; north stack, to 
serve 8 boilers 22 ft. 6 in. in dia.; height 175 ft. above 
boiler room floor. 


Primary air fans, motor driven, installed in main aisle 
between boilers. 


‘ 
CoaL PREPARATION PLANT, FEEDERS, BuRNERS 


Brown Hoisting Machy. Co. automatic tripper on 36 in. 
belt conveyor over raw coal bunkers. 


Fuller-Lehigh Co. indirect pulverized coal fired rotary 
dryers 6 ft. 6 in. dia. by 50 ft. long. 30 t. an hour. each 
when removing 3 per cent moisture. 2 cyclone separators, 
112 in. in dia. 


Fuller-Lehigh Co. pulverizing mills. Six 57-in. vertical 
gear driven screen type, 8% t. an hour cap. each, driven 
by 150-hp. Allis Chalmers Mfg. Co. slip ring motors. One 
70-in. vertical gear driven screen type mill; drive, 300 
hp. Allis Chalmers slip ring motor, capacity 20 t. an hour. 


2 Weigh bins, mounted on Fairbanks scales. 


Fuller-Kinyon Transport system; three 6-in. and three 10-in. 
Fuller-Kinyon pumps; two-way  electro-pneumatically 
operated valves on 8 in. transport lines; bin level in- 
dicators and control signals on control board. 


40 Fuller-Lehigh Co. triplex pulverized fuel feeders, 5 per 
boiler, driven by Star Electric Motor Co. d. ce. motors with 
solenoid operated clutches. 


120 Fuller-Lehigh Co. flare type burners, 9 vertical and 6 hor- 
izontal burners per boiler. 


AsH Disposat EQuIPMENT 
1 Ash Receiving tank 40 ft. dia. by 30 ft. deep. 


1 American Manganese Steel Co. ash disposal pump, 8-in., 
single stage, 1700 g.p.m., 150 ft. head; driven by 150-hp., 
750-r.p.m., 2200-v. motor. 


Borer Frep Pump anD WATER TREATMENT SYSTEM 


6 Cameron Steam Pump Works centrifugal pumps, 6-stage 
horizontal type. Four pumps, 400 g.p.m. against 680 lb. 
gage, direct connected to Allis-Chalmers 400-hp., 2200-v., 
1800-r.p.m. motors. Two pumps 500 g.p.m. against 680 Ib. 
driven by Terry type C. S. 340-hp. steam turbine. Pumps 
governed by Mercon excess pressure regulators, furnished 
by D. H. Skeen & Co. 


We-Fu-Go Water treatment plant installed by Wm. B. Scaife 
& Sons Co.; 10,600 gal. an hour capacity; four concrete 
reaction tanks 20 ft. dia. 19 ft.. high; two concrete filter 
tanks 9 ft. long, 6 ft. 11 in. wide, 8 ft. deep. 


Elliott Co. low pressure open heaters.(one per unit) for 
24th stage extraction 2.95 lb. abs. pressure, 1.0 per cent 
moisture vented to condenser. 

Elliott Co. low pressure closed heaters (one per unit) for 
22nd stage extraction 9.70 lb. abs. pressure, 77 deg. F. 
superheat. 


Elliott Co. Gland heaters to condense leakage from high 
pressure turbine packing. 


Elliott Co. deaerators with vapor condensers equipped with 
Jennings-Hytor vacuum pumps by Nash Engineering Co. 


Open type heaters for 18th stage extraction and exhaust 
from feed pump turbines. Water leaves heaters at about 
240 deg. and deaerators at about 215 deg. 


CoaL HanDiLIne EQuIPMENT 


Mead-Morrison Mfg. Co. barge unloading tower; 375 t. 
an hour capacity; standard 4-t. Mead-Morrison grab- 
bucket, 100 t. receiving hopper. Two 75-cu. ft. per min. 
motor driven air compressors, Ward-Leonard - variable 
voltage control, air operated clutches and brakes; 35-hp. 
barge shifting motor. Elevation of bridge 40 ft. above 
extreme high water, 104 ft. above extreme low water. 
Floating equipment, 4 landing docks 75 ft. by 26 ft., one 
mooring dock 110 ft. by 26 ft., furnished by Ayer & Lord 
Tie Co. Coal furnished in 1000-t. steel barges by Phila- 
delphia & Cleveland Coal Co. 


e 
Coal handling system by R. H. Beaumont Co. Coal storage, 
20 ft. deep, 122,000 t.; 30 ft. deep, 180,000 t. 


Belt Conveyors of Goodrich “Longlife”, 42-in., 7-ply, %-in. 
rubber covered. Capacity 500 t. an hour at 170 ft. 
per min. 

2 American Pulverizer Co. No. 60 ring crushers 250 t. an 
hour capacity each, driven by 100-hp. squirrel cage motors. 
R. H. Beaumont Co. drag scraper, 4 t. capacity, driven by 
150 hp. motor hoist. 


R. H. Beaumont motor-driven tail block car running on 
12 ft. gage track bounding storage area. Held by double 
toggle clamp. 

Cris HousE AND SERVICE Pumps 
Crib House 51 ft. 6 in. wide, 116 ft. long, 80 ft. 6 in. deep. 
2 Intake tunnels, each 9 ft. 6 in. by 13 ft. 2% in, 
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Principal Equipment at Columbia Power Station 


Discharge tunnels—same as intakes. 


Chain Belt Co. traveling screens, 82 ft. 6 in. between 
vertical centers, 86 ft. long overall. Each driven by 7%4- 
hp., 1200-r.p.m., 220-v. slip ring induction motors through 
reduction gearing. 


Whiting Corp. pivoted bucket crane with 1 cu. yd. bucket. 
Crane 18 ft. 6 in. long, 95 ft. lift. 


Whiting Corp. 3-motor traveling crane, 46 ft. span, lift 
40 ft. Capacity 35 t. 


Allis-Chalmers Mfg. Co. ground water pumps, 8-in., single 
stage 2000 g.p.m., 260 ft. head, driven by 250-hp., 1760- 
r.p.m., 2300-v. squirrel cage motors. 


Worthington Pump & Machy. Corp. treated water pumps; 
2-in., 2-stage, 200 g. p. m., 232 ft. head; driven by General 
Electric Co. 30-hp., 1800-r.p.m. squirrel cage motors. 

Worthington Pump & Machy. Corp. bilge pumps 4-in., 
500-g.p.m., 90-ft. head, driven by General Electric Co., 
40-hp., 1200-r.p.m. vertical squirrel cage motors. 


TurRBO-GENERATORS 


General Electric Co. tandem-compound units, 14 stages 
high pressure, 12 stages low. Rated capacity 45,000 kw. 
each, 90,000 kw. total. Steam at throttle 550 to 600 
Ib. gage, 750 deg. total temp.; steam leaving 14th stage, 
120 lb. gage, 424 deg.; steam entering 15th stage, 110 
lb. gage, 725 deg. Exhaust pressure, 1 in. mercury abs. 
Speed. 1800 r.p.m. Size 86 ft. long including throttle, 
22 ft. 9 in. wide, 16 ft. high. 


Main Generators, each 45,000 kw. at 0.9 p.f.; 1300 v., 3 
phase, 60 cycle. 


Main Generator exciters, each 270 kw., 250 v., shunt wound. 


Auxiliary house generators, each 2860 kv.a., 2300-v., 3 
phase, 60 cycle. 


General Electric Co. generator air coolers, surface type; 6 
main and 6 auxiliary sections for main generator; 1 main 
section for auxiliary house generator. 


CONDENSER AND AUXILIARIES 
’- Condenser Well, 77 ft. dia., 85 ft. deep. 
Warner Elevator Co. automatic passenger elevator. 


Worthington Pump & Machy. Corp. vertical inclined surface 
condensers (one per unit). Tube sheets drilled for 50,000 
sq. ft., 48,000 installed. 


Worthington Circulating pumps (2 per unit) 30,000 g.p.m. 
each, 27-ft. head, each driven by General Electric Co. 
360 r.p.m., 325-hp., 2300-v. squirrel cage motor. 


Worthington primary hotwell pumps, 6-in., 3-stage, 800- 
g.p.m. each. Driven at 1800 r.p.m. by General Electric 
Co, 175-hp., 2300-v. slip ring motors. ‘ 


Worthington secondary hotwell pumps. 


Worthington No. 8 hydraulic vacuum pumps, only 2 
required at once. 


Hurling water pumps, 8-in., 2000 g.p.m., driven by G. E. 
Co. 100-hp., 1200-r.p.m., 2300-v. motors. 


Sand pumps, 6-in., 1000 g.p.m., 85 ft. head, G. E. GCo., 
60-hp. 900 r.p.m., 2300-v. motor. 


2 Worthington bilge pumps, 4 in., 500 g.p.m., 90 ft. head, 
G. E. Co., 40 hp., 1200 r.p.m., 220-v. vert. squirrel cage 
motors. 


Carrier Air Conditioning Co. ventilating equipment 12,000. cu. 
ft. per min. for ventilation of condenser well,.1 vent. fan, 
1 air washer, 1 Breezo-fin heater. 


MISCELLANEOUS MECHANICAL EQuIPMENT 


1 Worthington Pump. & Machy. Corp. ice melting pump, 48 
in., 60,000 g.p.m., 15 ft. head, driven by 400-hp., 360 r.p.m., 
2200-v. G. E. Co. motor. 

3 Worthington Pump & Machy. Corp. air compressors; 
duplex, two-stage, size 20 by 12 by 14 in., 100 lb. gage, 
belt driven by G. E. Co. 270 hp., 257 r.p.m., 2200-v. 


synchronous motors. 2 compressed air tanks 8 ft. dia. 
by 20 ft. long furnished by Lasker Iron Works. 


1 Whiting Corp. turbine room crane; capacity; main hoist, 
110 t., auxiliary, 20 t., span 107 ft. 10 in. Runway 
200 ft. long. Speeds: bridge, 150 ft. per min.; trolley, 
150 ft. per min.; main hoist, 6 ft. per min.; auxiliary 
hoist, 40 ft. per min. 


1 Layne-Ohio Co. drinking water well, about 112 ft. deep. 
1 Layne vertical turbine pump, 150 ‘g.p.m. against 100 ft. 
hd. 330 g.p.m. against 70 ft. hd. Receiving tank 17,000 
gal. 2 high lift Allis-Chalmers pumps, Type “ST” single 
suction, 5 stage, 1750 r.p.m., 150 g.p.m. against 375 ft. 
driven by 40-hp., 220-v. motor. 


2 Layne-Ohio Co. ground water wells, 1500 g.p.m. each, Two 
24-in. Layne 3-stage deep well pumps, each 1000 g.p.m. 
against 220 ft. hd. driven by 100-hp., 1200-r.p.m., 2200-v. 
vertical squirrel cage motor. 


Valves: Safety—Cast Steel; Manning, Maxwell & Moore, Inc., 
Non-Return—Angle; The Edward Valve & Mfg. Co. High 
Pressure Steam—Gate—The Lunkenheimer Co. Reheat 
Steam—The Lunkenheimer Co. High Pressure Drain. 
The Lunkenheimer Co. Circulating Water Valves—The 
Chapman Valve Mfg. Co. Payne Dean Control System 
The Cutler Hammer Mfg. Co. 


High Pressure Steam Piping 
Pittsburgh Piping & Equipment Co. 
The Phillip Carey Co. 


Irving Subway Flooring and Safstep stairways furnished by 
Irving Iron Works Co. 

1 Turbine Oil storage Tank by Littleford Bros., 10,000 gal. 
capacity. 

1 §S. F. Bowser & Co., Inc., 500 g.p.h. turbine oil filter with 
Bowser rotary oil pumps. 2 8S. F. Bowser & Co., Inc., 
10,525 gal. transformer oil tanks. 2 S. F. Bowser & 
Co., Inc., 2000 gal. switch oil tanks. One 2-in. and 
three 114-in. Bowser rotary switch and transformer oil 
pumps, motor driven. 


ELECTRICAL EQUIPMENT 
13 Westinghouse E. & M. Co. Power transformers (1 spare). 
Each 10,000 kv.a., single phase outdoor type with Iner- 
taire equipment. Voltage, 38,100-66,000 Y/13,200. 


2 Westinghouse & M. Co. reserve station auxiliary trans- 
formers; 6000 kv.a. each, 13,200/2300-v. outdoor type. 


13 Champion Switch Co. disconnecting switches. Four 3 P.S.T. 
600 a., 73,000-v.; nine S.P.S.T. 600 a., 73,000-v. for 66 kv. 


neutral. 


4 General Electric Co. oxide film 73,000-v. Form BO. Light- 
ning arrestors. 


Main and auxiliary oil circuit breakers 
Westinghouse Electric & Mfg. Co. Phases separated 12 ft. 


Reactance coils General Electric Co. 


Disconnecting Switches in Switch house. .Champion Switch Co. 


Generator Control Benchboard and panels and power trans- 
former panels Westinghouse E. & M. Co. 


3 Gould Storage Battery Co. storage batteries. Two 60-cell, 
125-v., type P. O. 517 batteries for d.c. control; one 120- 
cell, 250-v. type P. S. 633 battery for reserve excitation 
and d.c. station power. This floats on d.c. coal feeder and 
primary air fan bus. 


5 Westinghouse E.-& M. Co. motor generator sets. Two for 
d.c. control and control battery trickle charge; generator 
5 kw. 125 v., 1200 r.p.m.; motor, 8 hp., 220 v. Two sets 
for d.c. station power and excitation battery charging: 
generator 300 kw., 250-v., 1200 r.p.m.; motor 442 hp., 
2300-v. induction type. One set for control battery charg- 
ing: Generator 25 kw., 125-v., 1200 r.p.m., motor 37-hp., 
220-v. induction type. 


Transmission lines: 4 circuits of 45,000 to 50,000 kw.a. cap. 
each at 66,000 v. Average span 1200 ft.; 198 towers by 
Blaw-Knox Co.; copper, 400,000 c.m. by American Copper 
Products Co. Insulators by Ohio Brass & Copper Co. Line 
20 mi. long. 
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30,000 g.p.m. circulating pumps, two for each unit, as 
shown in Fig. 9. When the water level is at its average 
point in the river, the water is practically flowing 
through the condensers, the pumps simply serving to over- 
come friction. Each pump is driven at 360 r.p.m. by a 
325 hp., 2300-v. General Electric Co. squirrel cage motor. 

Non-condensable gases are removed by four Worthing- 
ton hydraulic vacuum pumps, only two of which are re- 


TABLE SHOWING TEMPERATURES AND PRESSURES IN EXTRAC- 
TION FEED WATER HEATERS 








Water 

Temp. Deg.F. 
Out 
130 
173 
195 
240 


Percent Pressure 
Extraction Lb. Abs. In 


5.41 2.85 75 
2.80 9.70 130 
1.38 14.00 173 
2.61 40.00 195 


Type of 
Heater 


Vert. open 
Closed 
Closed 
Open 


Heater 
24th stage 
22nd stage 
Gland 
18th stage 





quired at one time. Hurling water for these is furnished 
by 8-in., 2000 g.p.m. hurling water pumps, two for each 
unit, driven at 1200 r.p.m. by 100 hp. 2300-v. G. E. motors. 
A 6-in. 1000-g.p.m. sand pump is installed for each unit, 
designed to operate against an 85-ft. head at 900 r.p.m. 
and driven by a 60-hp., 2300-v. G. E. motor. Two Worth- 
ington bilge pumps are installed on the condenser well 
floor. For ventilating the condenser well, a Carrier air 
washer, ventilating fan and Breezo-fin heater are installed 
to supply 12,000 cu. ft. of air per minute. 

Condensate from the hot-well is pumped by 6-in., 3- 
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FIG. 11. PLAN OF MAIN FLOOR SHOWS LAYOUT OF MAIN 
TURBINES, CONDENSER WELL AND BOILER ROOM 


stage, 800-g.p.m. motor driven centrifugal pumps—two 
installed for each unit—through the generator air coolers 
described above to the 24th stage open heaters, the dis- 
charge from these then going to secondary hot-well pumps, 
which pump the water to the intermediate, gland and open 
heaters. The accompanying table shows the temperatures 
and pressures in the various extraction heaters which will 
be described in taking up the water system. 


Cris House AND TUNNELS INSTALLED FOR ULTIMATE 
PLANT 


Intake and discharge tunnels, each 9 ft. 6 in. by 13 ft. 
21% in., with their bottoms 91 ft. below the turbine room 
floor, as shown in Figs. 9 and 11, have been installed to 
care for the ultimate 360,000-kw. plant. Service water 
and boiler feed make-up water are taken from the intake 
cribs, while the drinking water supply is taken from 
ground wells. Three 8-in. single 2000-g.p.m. stage ground 
water pumps, of Allis-Chalmers make, are installed in the 
pump room in the crib louse. Two 4-in., 500-g.p.m. 
Worthington bilge pumps are installed in this pump-room. 

Water from the river enters the crib house through 
Chain Belt Co. traveling screens, eight of which are in- 
stalled, with room for a total of 16. Figure 10D shows 
these screens. These screens are 82 ft. 6 in. between ver- 
tical centers and 6 ft. wide; each screen is driven through 
reduction geafing by a 71% hp., 1200-r.p.m., 220-v. slip 
ring induction motor. Stationary grids in front of the 
screens collect the larger debris which is removed by a 
Whiting pivoted bucket crane, using a one-yard bucket and 
having a lift of 95 ft. This crane is pivoted at the center 
of the scréen house and the outer end travels around the 
semicircular track as shown in Fig. 11. For maintenance 
work on screens a Whiting 35-t. crane is provided. 

Water from the intake tunnels is pumped to the We- 
Fu-Go water treating plant, located in the crib house. This 
system has a capacity of 10,000 gal. per hr., using four 
concrete reaction tanks and two filter tanks. Lime, soda 
ash and ferrous sulphate are the reagents used. 

Treated water pumps are 2-in., two-stage Worthington 
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entrifugals, driven by 30-hp. G. E. squirrel cage motors 
and pumping 200 g.p.m. against 232 ft. head. Treated 
water for make-up is mixed with the condensate in the hot 
well from which it is pumped by the primary hot well 
pumps through the generator air coolers to the 24th stage 
extraction heaters, located just below the main turbine 
room floor. These heaters are vented to the condenser and 
water leaving the heaters passes to the secondary hot well 
pumps in the condenser well. These pumps send the water 
to the 22nd stage closed heaters, then to the gland heaters, 
and then to the deaerator vapor condenser. This vapor 
condenser is equipped with two Jennings-Hytor motor 
driven vacuum pumps, designed to cut in when the pres- 
sure drops below a predetermined limit. The open type 
deaerator heater then takes the water, steam for this heater 
coming from the 18th turbine stage and exhaust at about 
10 lb. gage from the turbine driven boiler feed pumps. 
The deaerators with the vapor condensers and open heaters 
are installed on the west end of the boiler room, as shown 
in Fig. 9, on galleries above the boiler feed pumps. These 
take the water from the deaerators and force it through 
the economizers into the boilers. 


Arr CoMPRESSORS AND Ick MELTING Pump 
For supplying compressed air for blowing boiler tubes, 
for the pulverized coal transport system, for cleaning and 
miscellaneous work about the plant, three motor-driven 
Worthington air compressors are installed in the boiler 
room basement. 
For melting ice at the intake tunnel entrances, a 60,000 
g.p.m., 15 ft. head, Worthington centrifugal motor driven 
pump is installed in the crib house, as shown in Fig. 11. 


ELECTRICAL EQUIPMENT 


Electrical equipment in Columbia Power Station has 
been simplified as much as possible. The control room for 
the station is shown in Fig. 10C. Here are located the 
generator control bench board, the auxiliary generator con- 
trol board, the synchronizing panel and the feeder and 
transformer bench board. All switching is done on the 


13,200-v. side of the transformers. There are thirteen 
Westinghouse power transformers (one used as a spare) 
of the single-phase outdoor type, to transform the voltage 
to 66,000 v. These transformers, shown in Fig. 3, are 
equipped with Inertaire equipment, thermometers and 
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water flow indicators. At the right of Fig. 3 are shown 
the two 13,200-v/2300-v., 6000-kv.a. station auxiliary 
transformers, which form a reserve supply for the 2300 v. 
station auxiliary power. The power from the main trans- 
formers is carried on a 66,000-v. transmission line to the 
Hartwell Terminal Substation, shown in Fig. 8, which is 
located outside Cincinnati about 20 mi. from the station. 

The switch house contains the main oil circuit breakers 
and auxiliary breakers, which are all remote-controlled and 
solenoid operated at 125 v. d.c. A separated phase ar- 
rangement is used here. In this switchhouse are also 
mounted the 15,000-v. disconnect switches. These have 
poles separated and located in the compartment above 
the corresponding phase of the oil circuit breaker with 
which the disconnect is used. They are remote hand 
operated on the same floor as the breaker compartments. 
The operating mechanisms are provided with interlocks 
so that switches cannot be opened while corresponding 
breaker is open. The disconnect can be locked open and 
when breaker is closed an interlock prevents opening of 
the compartment doors. 


STORAGE BATTERIES GIVE D.C. RESERVE SUPPLY 


To supply d.c. for switch operation, pulverized coal 
feeders, primary air fan motors, crane motors and the 
like, Westinghouse motor-generator sets are provided. 
There are two 300 kw. sets for station power, two 5 kw? sets 
for d.c. control and battery trickle charging and one 25 
kw. set for control battery charging. For reserve d.c. sta- 
tion power and excitation, a 250-v. and a 125-v. Gould 
battery are installed. Figure 2 shows these batteries as 
installed in the battery room in the switch house. 

A complete system of oil filters, storage tanks and 
pumps for turbine oil, transformer oil and switch oil has 
been installed by S. F. Bowser & Co., Inc. 

Columbia Power Station was designed by Sargent & 
Lundy, Inc., Engineers, Chicago, co-operating with the 
engineers of the Columbia Power Co. under the super- 
vision of C. W. DeForest, vice president and chief engi- 
neer of the Columbia Power Co. H. R. Burns is resident 
engineer for the company, J. V. Richards is resident engi- 
neer for Sargent & Lundy and J. H. Heimbrock is chief 
operating engineer of the station. We wish to thank all 
of these men for their assistance in obtaining data and 
photographs used in this article. 








FIG. 12. COLUMBIA POWER STATION AS IT APPEARS TODAY 
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Fuel Measurement for Boiler Tests 


Srmpite Yet AccuraTE APPARATUS FOR WEIGHING COAL OR 


Ort, Constructen aT SMALL Cost. 


HEN CONDUCTING boiler tests, one of the most 
important items is an accurate weight of the fuel 
consumed. 

In the case of coal as fuel, the apparatus is compara- 
tively simple and, depending upon the observers, results 
should be accurate. As shown in Fig. 1, only a simple set- 
up is needed to obtain an accurate weight of coal. This 
may be made at small cost. From the bottom of coal 
bunker A a coal chute B extends into a large wooden box 
C, placed on platform scale D. Box C has a hinged door 
at the bottom to allow the coal to run out after it is 
weighed. The cross sectional view of the box shows how 
the bottom is inclined so as to allow the coal to run out 
readily. 

Size of the box depends upon the capacity of the scale. 
With a scale of 1000 lb. capacity, a box should be made to 
hold about 600 lb. of coal, as the box, when built sub- 
stantially, will weigh about 400 lb. 
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FIG. 1. COAL FROM BUNKER RUNS INTO BOX ON PLATFORM 
SCALE. BOX HAS DOOR AT BOTTOM FOR REMOVING COAL 


When allowing the coal to run out after weighing, care 
should be taken that all the coal leaves the box. In order 
to prevent errors in weighing, it is best to check the weight 
of the box after each load is dumped, since, due to coal 
adhering to the sides, the weight of the box may vary from 
time to time, especially when the coal is wet. With chain 
grate stokers, after weighing, if the coal has not been 
tempered previously, it may be allowed to run out on the 
floor, wetted and then shoveled into the stoker hopper. 
Even with hand firing, if the coal is dry, it shouid be 
dumped from the weighing box to the floor and moderately 
tempered before firing. ; 

Another modification of this arrangement, even better 
than the first method, may be made, if the coal is to be 
fired with stokers. A platform may be built in front of the 
stoker and high enough so that the coal may run from the 
box C directly into the stoker hopper. This eliminates the 
need of shoveling, which, in the case of large stokers, would 
be impracticable. 

As previously noted, if chain grate stokers are used, 
the coal should be tempered in order to get the best re- 


By D. S. Frank 


sults. If this has not been done before the coal is weighed, 
it may be effected by an exhaust steam spray in the stoker 
hopper. 


Same Net WEIcHT DestraBLE For Eacu Loap 

If an overhead bunker is not’in use and the coal bin 
is on the ground floor, a wheelbarrow and a platform scale 
may be used directly. The coal may be shoveled into the 
wheelbarrow, run onto the scale, weighed, and dumped. 
The wheelbarrow should then be weighed empty. This 
weight deducted from the first weight, gives the weight of 
the coal. 

If the coal does not adhere to the sides of the wheel- 
barrow when a load is dumped, it is not necessary to check 
the weight of the empty wheelbarrow each time. It is also 
a good plan.to set the scales for a definite gross weight 
which will remain the same for each load: This will save 
time by eliminating the need of reading different figures 
on the beam for each load. Before starting to weigh coal, 
set the empty wheelbarrow on the scales, run the movable 
weight or poise out until it exactly balances the weight of 
the barrow and lock it in position with the thumbscrew. 

Next, put weights on the scale pan to correspond to a 
net weight of 200 or 250 lb. of coal. Coal may then be 
shoveled into the barrow until the scales balance. If the 
scale cannot be placed near the coal bin, the barrow may 
be filled with approximately the correct amount, run onto 
the scale and coal taken off or added until the scale bal- 
ances. ; 

By having the same net weight each time, errors in 
reading are eliminated and round numbers like 200 or 250 
may be added much more quickly than a series of uneven 
numbers, varying for each load. 


Fuet O11 SHoutp Be WEIGHED 


In the case of burning fuel oil, as shown in Fig. 2, the 
set-up is slightly more complex. A is a wooden platform, 
upon which rests an ordinary platform scale B. C and D 
are 50-gal. drums. E is a pump driven by the motor E. F 
is an oil meter placed in the oil line. The oil is drawn off 
the main oil line G by opening the valve L, passed through 
the meter and run into the drum C. 

At the beginning of the test, the oil in both drums C 
and D is at a known level. As the burner is lighted, the 
valve M is opened, allowing the oil in drum C to run down 
into drum D. When the oil level in drum C becomes low, 
valve M is closed and valve L is opened, thereby allowing 
oil from the main line G to flow through the meter into 
the drum. When enough oil has been run into drum C, the 
valve is closed, the full drum weighed, and the weight 
recorded. Then valve M is opened again and the oil al- 
lowed to flow into drum D. When the oil level in drum 
C becomes low, valve M is closed, drum C is again weighed 
and the weight recorded as empty. When the weight as 
empty is subtracted from the weight as full, the difference 
is the amount of oil consumed during that interval of time. 

The pump takes suction from drum D through line H 
and discharges oil to the burner through line N. The pres- 
sure gage P denotes the pressure on the burner line, which 


‘can be made any amount desired by regulating the valve 


J, located on the return line to the suction barrel. By open- 
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ing valve J and allowing more oil to return to the barrel, 
the pressure on the burner line will’ be decreased. By clos- 
ing down on the valve J, less oil will be returned to drum 
D and the pressure on the burner line will be materially 
increased. This easy method of regulating is especially de- 
sirable when the burner is called upon to take care of widely 
fluctuating loads. 


Meter Usep ONLy Aas CHECK ON SCALE 


Steam coils are placed in drums C and D in order to 
heat the oil to the temperature desired. The meter is placed 
in the oil line merely to serve as a rough check on the 
weight as given by the scale. The temperature of the oil 
in drum D need not be taken, as it does not affect the 
weight of the oil but the temperature of the oil flowing 
through the meter will be necessary in order to correct the 
volume of oil to the standard temperature of 60 deg. F. 
The gravity of the oil should be taken each time a batch of 
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FIG. 2. OIL IS WEIGHED ON ELEVATED PLATFORM SCALE, RUN 
INTO.RESERVOIR AND THEN PUMPED TO BURNER 














oil is run into the drum. This data is necessary in order 
to determine the number of pounds per barrel and then 
convert the volume reading of the meter to one of weight 
in order to’ obtain an approximate check on the: scale 
record. 

In case an electrically-driven pump is not obtainable, 
a steam pump may be used, provided an air chamber is 
installed on the discharge line to smooth out pulsations 
of the pump. This installation would call for extra atten- 
tion on the part of the operator and is not as desirable as 
an electrical set-up. With the electrical pump, it is un- 
necessary to watch lubrication or change the speed as the 
load increases. The operator has only one valve to regu- 
late the oil to the burner since the pump runs at a con- 
stant speed. The return line to the suction drum allows 
circulation sufficient to keep all oil consumed at an even 
temperature. This is especially necessary when the oil is 
exceptionally heavy and the lines are exposed in cold 
weather. 


Hourty Reapines NEcEssary To CatcH Errors 


It is much more desirable to take hourly readings of 
the fuel consumed, whether the fuel be coal or oil, if the 
oil in the barrel or the coal in the stoker hopper be main- 
tained at a certain level, on the even hour. It is easy to 
check the data for errors as an excessivé amount of fuel 
burned for a certain hour will be an error in weighing un- 
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less explainable by an increase in evaporation or by some 
other known cause. This method will not interfere with 
the work, as it will make no difference how many times 
the oil barrel or the stoker hopper is filled during the hour, 
provided that, on the even hour, the level of the fuel is 
correct. 

In order that the fuel record be accurate, it is neces- 
sary that all conditions prevailing at the beginning of the 
test be maintained at the even hour and at the finish. 

Starting with the coal in the hopper at a given point, 
the coal level should be the same at the end of the run. If 
there is coal above this level, it should be taken out of the 
hopper and weighed. This weight should be then credited 
against the amount burned for the last hour. In the case 
of coal firing, it is understood, of course, that the fuel bed 
should be of the same thickness at end of the test as at the 
beginning and, if possible, from hour to hour. 


Refractories for Boiler 
Furnaces 


By Howarp C. THAYER* 


[SCUSSION of refractory products as applied to boiler 
furnace design and construction is seldom found in 
technical magazines, due, no doubt, to the fact that while 
it is one of the most important features to be considered 
in steam generating plants, there are few engineers con- 
nected with power plants capable of discussing this sub- 
ject. In order to gain a thorough knowledge of this sub- 
ject, it is necessary to study the manufacture of refractories 
and be able to secure a great quantity of comparative re- 
sult data which usually the operating engineer is unable 
to obtain. Recognizing this fact, a few of the more. pro- 
gressive public utility operating companies have retained 
the services of specialists in this line and have found it a 
paying investment. 

Refractories must be selected and the boiler furnace de- 
signed with extreme care, or else excessive maintenance 
costs and frequent operating shutdowns will be experienced. 
Such material suitable for boiler furnace service must with- 
stand, without serious chemical or physical change, the 
following conditions: high and suddenly changing tem- 
peratures ; considerable load, due to weight of wall and the 
force of expansion ; destructive action of gases and imping- 
ing flames; abrasive action of the fuel dust, under forced 
draft; adhesion of slag and chemical reactions set up by 
the same. Unless the engineer has a thorough knowledge 
of refractories and the reactions set up by the above con- 
ditions, a high grade material may be, and frequently is, 
unjustly condemned. 

Some of the large refractory manufacturers maintain 
a research department whose business, among other things, 
is to work out their customers’ problems. In view of this, 
it is necessary when requesting information from them that 
the following data be furnished in as complete manner as 
possible: 1, general dimensions of the furnace; 2, descrip- 
tion of the boiler; 3, height of walls; 4, thickness of walls 
and method of construction contemplated; 5, kind of fuel 
to be burned; 6, analysis of fuel; 7, fusion point of the 
ash, provided coal is to be used; 8, method of burning— 
hand fired, stoker, pulverized fuel, oil or gas; 9, kind of 
draft—positive or negative pressure in the combustion 





*Engineer in charge of furnace design for the Brooklyn 
Edison Co. 
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chamber ; 10, highest actual operating temperature; 11, if 
high temperature cement is to be used, brand and name of 
manufacturer. All of this information is essential if a 
proper recommendation is to be made by the refractory 
manufacturer. 

There are many methods of manufacturing refractories 
for boiler setting use but the two leading methods only 
will be discussed, namely, stiff mud and dry pressed. When 
manufactured from carefully selected and graded flint and 
semi-plastic clays, the stiff mud type has a dense even 
structure which will resist the action of alkalies, abrasion, 
slag penetration and heavy loading for considerable time. 
They will spall rapidly, however, under sudden tempera- 
ture changes and will not care for expansion and contrac- 
tion without forming cracks. 

Dry pressed refractories when manufactured with a 
medium ground body of flint clay and a semi-plastic clay 
binder and burned in the kiln to a temperature not less 
than 2400 deg. F. will withstand sudden temperature 
changes due to an open porous structure which permits 
expansions and contraction without excessive spalling. This 
type, however, will not stand as much load as the stiff mud 
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type and besides will be worn away rapidly by abrasion. 
Slag. and alkalies penetrate its pores rapidly, setting up 
destructive reactions since it is acid in character and when 
heated to a sufficient temperature can be attacked and de- 
stroyed by any material of an alkaline or basic character. 
This frequently happens when a low fusing ash or high 
sulphur coal is burned. 

Heat soaking of this refractory material tends to de- 
stroy it as rapidly as any cause known. Such condition is 
caused by making the furnace walls too thick or by the 
use of insulation materials which bottle up the heat in the 
masonry, causing a reaction which tends to soften and break 
down its structure. In other words, the greater the drop 
in temperature and the faster the transfer of heat through 
the body, the longer the life of the refractory. 

Since it has been proved that the use of insulation 
greatly increases the overall efficiency of the boiler, a means 
must be found of retaining the heat units and at the same 
time increasing the heat drop through the wall, or else 
reducing the furnace wall temperature. This problem has 
been solved by using air cooled walls to meet the former 
and water cooled walls the latter condition. 


Economics of Pulverized Fuel and Stokers’ 


THERMAL EFFICIENCY ALONE Is No ReEat Basis oF COMPARISON. 


DEcISION 


SHouLD BE GovERNED BY TotTaL StEAM Costs WHICH ARE INFLUENCED BY 
THE Loap Factor AND Its BEARING ON Frxep CHarces. By H. S. Coisyt 


OMPARISON BETWEEN pulverized fuel firing and 

stokers cannot be drawn by considering only the ther- 
mal efficiency of the systems. Anyone at all conversant 
with combustion practice would expect a higher thermal 
efficiency from pulverized fuel firing than from stoker fir- 
ing. It is also generally recognized that this higher effi- 
ciency is obtained at the expense of the pulverizing and 
treatment of the coal. The various means employed for 
pulverizing, drying and transportation of fuel involving 
equipments of many designs and of varying power require- 
ments, clouds the relationship existing between the increase 
in thermal efficiency and the amount it should be dis- 
counted to provide for the cost of fuel preparation. 

Another important factor, is the additional investment 
involved for equipment, building and site for the pulver- 
ized fuel plant and the effect of this additional investment 
on the fixed charges applicable against the cost of power. 
It is also not generally recognized that the two largest 
items in the total cost of power are fuel and fixed charges 
and that until a few years ago they were almost equal. 
Within the last few years the ratio has changed and now 
fixed charges represent about one half of the total cost 
and fuel about one third of the total cost of power. 


CoMPARISON Must ConsiIpER ToTaL STEAM Costs 


To compare pulverized coal properly with stoker equip- 
ment for ‘a given case it is necessary to arrive at the total 
cost of producing steam with each type of equipment. This 
is made up of the following items or divisions: (a) Cost 
of fuel; (b) Cost of power to drive combustion equipment ; 
(c) Cost of labor and supervision; (d) Maintenance; (e) 
Fixed charges. 

Cost of fuel depends upon the selection of the proper 
fuel and a station design which will give the highest net 





*From a paper presented before the Providence Section 
A.1LE.E., Dec. 10, 1925. 
- t+Assistant sales manager, Riley Stoker Corp., Worcester, 
ass. 


efficiency. Power required to drive driers, pulverizers, con- 
veyors, feeders and fans is greater than that to drive stokers 
and fans. The cost of this difference in power consump- 
tion must be charged against the saving in coal affected 
by the pulverizer system in arriving at the net saving of 
that type of equipment. Cost of labor and supervision de- 
pends largely upon the station design and only to a limited 
extent on the local labor situation and management. Main- 
tenance may vary slightly due to the skill and care of the 
management and operation of the station but is governed 
principally by the station design adopted. Fixed charges 
are of course, governed by the investment in plant and 
property. 

Each of the above items of cost are influenced by the 
following factors, all of which must be considered in ar- 
riving at these costs: (1) Size of station; (2) Ratio of 
peak to station rating; (3) Load factor; (4) Use factor 
(as influencing load factor) ; (5) Provision for reliability ; 
(6) Considerations of possible change in source, charac- 
teristics or kind of fuel. 

If now we consider the effect of the above listed factors 
on each of the items of cost of producing steam, we will 
more fully appreciate the fact that the selection of the 
proper type of fuel burning equipment is dependent only 
partially upon the relative thermal efficiencies of the equip- 
ments. 

Cost of fuel is to some extent influenced by each of the 
6 factors listed above. It is evident that with the small 
plant, the fixed charges will greatly outweigh the fuel costs. 
This is true because provisions for reliability make the in- 
vestment relatively large and the fixed charges rather than 
the fuel cost becomes the paramount consideration. Again 
consider the base load station of one of our modern, inter- 
connected, super power systems. In the operation of this 
station the cost of fuel represents a large item and it must, 
therefore, be given the closest scrutiny. Between these two 
extremes the problem of selection of equipment in so far 
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as its effect on fuel cost is concerned, is of more or less 
importance depending on the relationship in size of plant 
to the extremes used in this illustration. 

Load factor influences the cost of fuel and in the new 
design of the base load station of an inter-connected power 
system every effort must be made to increase the efficiency 
with a view of reducing fuel cost to a minimum. As the 
other extreme, consider the steam stand-by station of a 
combined hydro-electric and steam generating system. The 
load factor does not justify the extreme in economy. In 
such a station the fuel cost can be sacrificed to lower fixed 
charges because of the greater proportion of the total cost 
represented by these fixed charges. Load factor has a direct 
bearing on the selection of the fuel burning equipment only 
in so far as it influences the rate of heat liberation required 
within the furnace. It may cover long periods of operation 
at moderate ratings or short periods of operation at ex- 
tremely high ratings and long periods on bank. Even from 
this viewpoint the possible saving that might be effected 
through the adoption of an equipment more economical 
under bank represents but a small proportion of the total 
cost of fuel. 

Provision for reliability has considerable bearing in the 
selection of equipment for the moderate size plant. Where 
the number of steam generating units are few it is highly 
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FIG. 1. FOR A PLANT GENERATING 50,000 LB. STEAM PER 
HR. COMPARISON OF EFFICIENCY BETWEEN STOKERS AND 
PULVERIZED FUEL FIRING IS SHOWN IN THIS TABLE 


desirable that the equipment selected should be reliable not 
alone in its inherent design as represented by the recognized 
necessity for replacement of wearing parts, but also in the 
ability to forecast outage periods. In a plant of moderate 
size reliability will often outweigh fuel saving. 

Possibilities of changing the source of fuel supply and 
obtaining a different grade of coal or of changing to some 
other fuel, for instance oil, influences fuel cost and the 
selection of equipment for the utilization of the usual fuel 
at the lowest cost. 

Power to drive combustion equipment varies directly 
with the tonnage of fuel prepared for any given fuel. This 
cost, therefore, is affected by the same factors as the fuel 
cost. For a given rate of coal preparation the power re- 
quired varies with different coals, principally increasing 
greatly with the moisture content. It is, therefore, highly 
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important to consider what coal or coals will have to be 
prepared and handled. 


Loap Factor INFLUENCES FIXED CHARGES 


We have now reached the item of fixed charges which 
in arriving at the total cost of steam must include interest 
on the investment in plant, taxes, insurance, depreciation 
and obsolescence. Based on a reasonable life for the equip- 
ment and buildings and on present day costs of financing, 
taxes and insurance, the sum total of these charges will 
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FIG, 2. COMPARATIVE EFFICIENCY AT 100,000 LB. STEAM 
PER HOUR 


average between 12 and 14 per cent on the initial invest- 
ment. It should, therefore, be apparent that the higher 
the initial investment the higher will be the sum of fixed 
charges which must be distributed on the basis of the sta- 
tion output. 

Consider now the effect of station size. The small plant 
costs more per horsepower or kilowatt-hour than the large 
plant, due to the size of units and the percentage of spare 
capacity required to provide for outage. It is, therefore, 
evident that care should be exercised in the selection of 
the number and size of boiler and generating units so that 
the ratio of peak load to station rating shall be a minimum. 

Load factor plays a considerable part in the deter- 
mination of fixed charges per unit of station output. The 
station with the highest load factor has the minimum fixed 
charges per unit of output. The determination of load 
factor is of the highest importance. 

Exception may be taken to the opinion that the same 
number and size of boiler units should and can be used 
with either equipment. In comparing pulverized fuel burn- 
ing equipment with stokers, in many instances, efforts have 
been made by the advocates of the pulverized fuel burning 
equipment to advance the assumption that this equipment 
will carry higher ratings than stokers and accordingly 
either the number of boiler units or the size of the units 
might be reduced with a resulting saving in the initial in- 
vestment. This argument has been advanced to offset in 
part the additional cost of the bin system of pulverized 
fuel firing as compared with the complete modern stoker 
equipment. As a matter of fact there is no basis for such 
a conclusion. 

Maintaining proper capacity or rating is purely a 
matter of proportioning the fuel burning equipment to the 
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HR. COMPARATIVE 


furnace. The boiler, economizer and the air preheater 
represent a given heat absorbing capacity. This capacity 
cannot be exceeded without an appreciable decrease in effi- 
ciency of the absorbing units with either pulverized fuel 
firing or stokers. It is true, however, that the heat absorb- 
ing surface will be slightly more efficient when using the 
pulverized fuel burning equipment due to the higher qual- 
ity of gas obtainable and usually carried in pulverized fuel 
installations. In either case, however, capacity is prac- 
tically uniform and just as high ratings have been obtained 
with modern stokers as with pulverized coal equipment. 

In setting up a comparison of equipment, the initial 
costs of both stoker and pulverized fuel furnaces will be 
burdened with some form of protected furnace wall con- 
struction (either air or water cooled) and the capacities 
and efficiencies obtainable with pulverized fuel equipment 
and stokers will be based on such furnace design and con- 
struction. 

Consideration of the efficiency of fuel burning equip- 
ment should be based on the quality of gas and ash obtain- 
able. The highest thermal efficiency is obtained from that 
equipment which will burn the fuel with the lowest per cent 
of excess air and with the smallest loss of combustible in 
the ash. With furnaces of a design and construction that 
do not limit either stoker or pulverized fuel burning equip- 
ment in temperatures evolved, the efficiency is largely de- 
pendent on the highest percentage of CO, that can be car- 
ried without appreciable CO and, at the same time, a re- 
duction in the loss due to combustible in the ash to a min- 
imum. Assumption of gas and ash quality obtainable with 
stokers and pulverized fuel firing are based on a careful 
survey of the data available in modern and representative 
pulverized fuel burning plants and of the performance of 
representative modern stoker plants. 

In preparing the comparison of equipments, the effi- 
ciencies at the different operating ratings were obtained 
from heat balances based on assumed CO, and combustible 
in the ash values representative of present day practice. 
These values for the stokers are entirely consistent with 
actual results obtained by tests on several typical modern 
units with multiple retort underfeed stokers. These tests 
were made on stokers in which are embodied recent im- 
provements and developments in stoker design. 
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FIG. 4, STOKERS AND PULVERIZED FUEL FIRING WHEN PRO- 
DUCING 200,000 LB. STEAM PER HR. GAVE THE COMPARATIVE 
RESULT SHOWN BY THESE FIGURES 


TREND OF Costs SHOWN IN Four CAsEs 


To establish the trend of costs with stokers and pul- 
verized fuel firing equipments under parallel conditions 
we have listed the performance of plants of varying capac- 
ities starting with a plant of normal output of 50,000 Ib. 
of steam per hour. Detailed estimates have been prepared 
on the costs of plant operation in plants having an out- 
put of 50,000, 100,000, 150,000 and 200,000 Ib. of steam 
per hour. The assumptions are on the basis of an industrial 
plant which must be self-contained. The selection of the 
number and size of units depends upon the lowest invest- 
ment for a given capacity with a proper reserve. An ex- 
planation of the basis can best be made by reference to Fig. 
1, in which Case 1 is presented. 


TABLES SHow SuMMARY OF RESULTS 


On the performance as established by heat balance the 
weight of coal burned per year was obtained for each case 
for each of the load factors indicated. To increase the value 
of the data presented we have prepared two separate and 
distinct summaries which are alike in all respects except 
the price of fuel. These are shown in Figs. 5 and 6. The 
first summary of operating cost is on the basis of coal at 
$4.50 per net ton, a price which is representative of coal 
delivered at tide water, the lowest representative price ob- 
taining in New England; the second tabulation or sum- 
mary is based on the cost of operation with coal at $6.00 
per net ten, which is representative of coal delivered by 
rail at inland points. The weights of coal obtained for 
each case are entered in the tabulation. 

From data available on the power required for driving 
of stokers and forced draft fans the power requirements 
for stoker and fan drive were established. This varied but 
slightly from 10 kw-hr. per ton of coal burned, the variation 
being on the lower side. Taking 10 as a base, however, is 
doing but slight injustice to the stoker equipment. The 
power required for the preparation, distribution and feed- 
ing of coal in pulverized form varied considerably. A care- 
ful analysis revealed that with high grade Eastern coals 
the power requirements were less than with Western coals. 
This figure was finally established at 20 kw-hr. per ton of 
coal as representative of the size and type of plants and 
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fuel under consideration. The cost was based on 1 cent 
per kw-hr. 

Maintenance, likewise established by a careful analysis 
of operating costs of stoker and pulverized fuel firing 
plants, and indicated in the summary is for stokers and 
furnace brickwork, for pulverized fuel firing equipments 
and for furnace construction. Cost of labor and supervision 
will be approximately the same with either type of equip- 
ment ‘and this item can, therefore, be omitted from the 
comparison. 

Fixed charges does not include the fixed charges on 
buildings or equipment which are not changed or modified 
with either pulverized fuel or stokers, except as specifically 
mentioned. To obtain this item, therefore detailed esti- 
mates were prepared on the costs of stoker and pulverized 
fuel firing plants on the following basis: Boilers are of 
the same number and size, and set the same height from 
basement floor to under side of header. In the case of the 
stoker fired plant the operating floor is raised above the 
basement in a sufficient amount to provide space for ash 
storage capacity, ash conveyors, air ducts and fan equip- 
ment. The proportioning of the house is such as to afford 
a reasonable aisle at the rear and sides of the boilers, and 
a firing aisle of such width as would be required for stoker 
operation. 

With the pulverized fuel firing equipment the same 
total height from basement floor to under side of boiler 
header was assumed. On the smaller units it was assumed 
that the ash could be permitted to accumulate in the bot- 
tom of the furnace for periodical removal. In the larger 
units the furnace was provided with a hoppered bottom 
terminating in an ash sluice or ash drag for the daily re- 
moval of ash. The dimensions of the boiler house proper 
are identical. The increased investment for building was 
established on a basis of providing either a separate prepar- 
ation house or of increasing the cubical contents of the 
boiler house in a sufficient amount to provide for the proper 
housing of the preparation equipment. 

Proportioning of the boiler house for the stoker was 
such as to afford a raw coal bunker above the firing aisle. 
With the pulverized fuel plant the pulverized coal storage 
bins and feeders together with the operating gallery oc- 
cupy the space given to the raw coal bunker in the stoker 
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FIG. 5. WHEN COAL Is $4.50 PER TON, OPERATING COSTS OF 
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fired boiler house. The extra space necessary for the prepar- 
ation house, therefore, included the space required for the 
raw coal bunker. The costs of stoker and pulverized fuel 
installations are taken on the basis of prevailing costs of 
equipments. A typical detailed estimate included the fol- 
lowing items: 


STOKER EquirpPED PLANT 


Stokers complete with drive equipment. 

Motors (for stoker drive) with control. 

Wiring. 

Water cooled bridge walls including boiler connecting 
tubes. 

Fans including 50 per cent reserve capacity. 

Motors (for fan drive) complete with control. 

Wiring. 

Air ducts, blast gates, supports. 

Ash hoppers of the cast-iron suspended type with gates, 
cars and trackage. 

Boiler brickwork including furnace blocks. 


PounverizEp Furt EquirrEp PLANT 


Preparation, transportation and burning equipment. 

Boiler brickwork (hollow wall or ventilated type). 

Separate preparation building complete including foun- 
dations and pipe tunnel to boiler house. 

Slag screens or hoppered bottom for continuous ash re- 
moval, 

Ash sluicing system or drag ash conveyor with gates. 

Fixed charges directly applicable to each equipment 
were taken on the basis of 13 percent which is probably an 
average for present costs of financing, taxes, insurance, and 
what is usually provided for obsolescence. As a matter of 
fact 13 per cent is probably not high enough in the light 
of the charge that should be made for obsolescence under 
conditions that exist today in the development of the art 
of producing ‘steam. With the trend toward higher pres- 
sures, the use of mercury as a heat transfer medium, and 
the possibilities of a wider adoption of gas and oil engines, 
it is almost impossible to foresee what developments might 
take place which would have a direct bearing on the factor 
of obsolescence. 

Total costs of producing steam for each case and at 
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each load factor and at the prices previously mentioned, 
have been entered in the respective summaries. These 
values divided by the number of thousands of pounds of 
steam produced in a year in the plant in question, gives 
the total cost per thousand pounds of steam at each of the 
several load factors. The next column in the summaries 
shows the cents per thousand pounds increase in cost of 
steam generated with pulverized fuel equipment over the 
cost as generated with stokers. The last column shows the 
per cent increase. It will be observed that in the second 
summary based on coal at $6.00 a ton that for case 4-A on 
the 21.7 per cent load factor that the cents increase and 
per cent increase in cost of pulverized fuel firing over stoker 
firing is shown as a minus quantity. This indicates that 
for this case and load factor, the cost with the pulverized 
fuel firing is lower than with stokers. 

From these four examples we can establish the approxi- 
mate trend of the cost of steam with stokers and pulverized 
coal. Continuing the calculations on the basis established 
by these detailed figures for the four cases shows that in 
the isolated plant and with coal at $4.50 a-ton the bin sys- 
tem of pulverized coal firing is not justified until the size 
of the station expressed in evaporation of pounds of steam 
per hour is in the vicinity of 500,000 to 600,000 Ib. With 
coal at $6.00 a ton the bin system of pulverized coal firing 
is not justified until the station is of a capacity in the 
vicinity of 300,000 to 400,000 lb. of steam. 

With the central station the stokers show a lower cost 
of steam generation with coal at $4.50 a ton up to some- 
where in the vicinity of 400,000 to 500,000 lb. of steam 
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per hr. With coal at $6.00 a ton the point up to which 
stokers show a lower cost of steam generation is in the 
vicinity of 200,000 to 300,000 Ib. per hr. It is impossible 
to draw a line of demarcation due to the influence of the 
many variables including the initial investment. 
PULVERIZED FuEL Must MEET THESE REQUIREMENTS 

To broaden the field of application of pulverized coal 
firing and to extend the application of this equipment into 
the sphere which we have defined as that properly belong- 
ing to the underfeed stoker, it will be necessary to develop 
pulverized fuel firing equipments having the following 
characteristics : 

An equipment in which the initial investment does not 
exceed that or very slightly exceeds that of stoker equip- 
ment: in which the power required for driving the equip- 
ment closely approaches that required for the driving of 
stokers and forced draft fans; in which coals of high mois- 
ture content can be pulverized without pre-drying ; in which 
the cost of maintenance is comparable with stoker equip- 
ment and in which normal wear is of such nature as to 
enable the operator to anticipate outage periods. 

Burner or furnace equipment design must be -such as 
to reduce the size of furnace required so that it will be 
more comparable in size with the furnace of the stoker 
installation. The reduction in furnace size is necessary 
with a view of reducing initial investment and mainten- 
ance. 

At present, the type which gives promise of sufficient 
development to meet the requirements as outlined above, 
is “unit type” of pulverized fuel firing equipment. 


New Developments in High Vacuum Apparatus" 


A Discussion OF THE MorE IMporTANT DEVELOPMENTS IN THE DESIGN AND 
Use or Steam Jet Vacuum Propuctne Equipment. By G. L. Koruny 


kites JET air pump type of vacuum producing ap- 
paratus has been in general use for a number of years 
and has been adopted as a standard for marine and station- 
ary power plants. During the past six years, however, con- 
siderable developments have been made in the design and 
performance of the steam air ejector and it is the object 
of this paper to record the most important ones. 

Steam air ejectors at present in use, can be grouped 
in two distinct classes as follows: Low vacuum ejectors 
(for vacua up to 25% in.); Single-stage. High vacuum 
ejectors (for vacua above 2514 in.) ; two-stage straight ; 
two-stage with inter-condenser; two-stage with combined 
inter and after-condenser augmenters. 

Considering the design of steam nozzles employed in 
the construction, the above-mentioned ejectors can be of 
either the “Radojet” or the “Leblanc” type. The Radojet 
type employs an annular nozzle which permits the adjust- 
ment of the live steam expansion and the entrainment sur- 
face during operation. The Leblanc type employs tubular 
nozzles throughout, arranged either singly or in nests. * 

The recent wide discussion and general interest in the 
use of high pressure and high temperature steam have 
brought into prominence the matter of closed feed-water 
systems. In these the condensate is preheated to within 
20 to 50 deg. of the evaporation temperature by means of 
stage heaters. 

Since the inter- and after-condenser of an air ejector 


*Read at the 83rd general meeting of the Society of Naval 
Architects and Marine Engineers, New York, Nov. 12 and 13, 1925. 


are excellently fitted to serve as a stage heater, the use of 
steam air ejectors with inter- and after-condensers was 
given more consideration and brought about further de- 
velopment of this type. 

By arranging an inter-condenser between the first and 
second stage the steam consumption of the two-stage ejec- 
tor can be reduced about 50 per cent. The live steam issued 
from the first stage is condensed in the inter-condenser and 
the second stage has to remove only the saturated air vapor 
mixture from the inter-condenser. For example, if at a 
certain absolute pressure at the suction of the first stage 
the ratio of pounds of live steam to pounds of air removed 
is 2.2 to 1 in both stages and if G lb. of free air have to 
be removed, the amount of steam, S, required to do this 
would be as follows: 

For the 2-stage ejector: 

S = 2.2G + 2.2? x (G+ x) =7.04 X G+ 4844+x 

For the 2-stage ejector with inter-condenser : 

S = 2.26 + 2.2 X (G+ x;) = 44 K G+ 2.2 x x, 

x and x, are the amounts of vapors contained in each 
pound of air removed in accordance with the Dalton Law 
at the pressure and temperature existing at the suction of 
the second stage. x will be greater than x, as the latter 
can be reduced to a minimum by supplying sufficient cir- 
culating water of low temperature to the inter-condenser. 

. From the above it is evident that the reduction in 
steam consumption is obtained in the second stage only, 
and that the second stage of an inter-condenser ejector 
has only about 0.4 of the capacity of the second stage of a 
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two-stage straight ejector, handling the same amount of 
air with both stages operating. The second stage alone is 
used for the evacuation of the condenser from atmospheric 
pressure to about 21 in., at which vacuum the first stage 
is brought into operation. Due to the smaller capacity of 
the second stage, the evacuation time will be two and a 
half times longer unless an additional second stage is put 
into operation. 

The design of an inter-condenser requires the follow- 
ing considerations: 1. The ratio of air to steam is about 
1000 times larger than that in the main condenser. 2. 
Due to this condition, different principles must be applied 
in its design. 3. The air vapor mixture withdrawn by the 
second stage must be absolutely free from entrained water 
globules.: 4. This necessitates substantially complete sepa- 
ration ef the condensate from the air undergoing com- 
pression. 

In Fig. 1, a steam air ejector with surface inter-con- 
denser of the Radojet type is shown. The design of the 
inter-condenser is original and embodies the considerations 
outlined above. 

The air to be compressed enters into the suction cham- 
ber of the first stage, where it is acted upon in known man- 
ner by the steam issuing in jets from tubular nozzles. The 
mixture of air and steam is delivered through the diffuser 




















FIG. 1. A STEAM JET EJECTOR WITH A SURFACE CONDENSER 
OF THE RADOJET TYPE 


into the upper chamber of the condenser and passes down- 
ward through the first group of condenser tubes around 
which is flowing the cooling water, condensing most of 
the steam. The-condensate remains in the lower chamber 
and passes off through a pipe into the drain control, while 
the air and steam continue their passage upward through 
the second group of condenser tubes, where the mixture is 
further cooled and a further portion of the vapor is con- 
densed. The condensate drips downward through drain 
tubes into the lower chamber. The air and remaining 
vapors descend through a third group from the upper cham- 
ber into the lower chamber (the condensate passing off 
through drain pipes into the drain control) and from there 
pass upwards through a fourth group of tubes and the up- 
per chamber into the suction chamber of the second stage, 
where they are compressed to above atmospheric pressure 
in the well-known manner. 

Any condensate collecting on the upper tube sheet runs 
off through drain tubes which at the lower end have a 
water seal, thus maintaining the upper and lower cham- 
bers isolated from each other as to their pressure conditions. 
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The arrangement of a vertical. surface condenser between 
stages of a multiple stage ejector with the air passing 
through the tubes has the following advantages: 1. Com- 
plete separation of the condensate from the air is obtained. 
2. The velocity of the air passing through the tubes can be 
controlled by the arrangement of a certain number of tube 
passes, and thereby the best possible heat transfer can be 
obtained. 3. The steam jet issued from the first stage flows 
parallel to the tubes, instead of at right angles, as in ordi- 
nary surface condensers. This eliminates erosion of the 
condenser tubes, which is a common occurrence in surface 
inter-condensers of the ordinary type. If sufficient baffle 
plates are arranged to prevent erosion, such baffles cause 
a pressure drop in the inter-condenser, with a subsequent 
loss of efficiency in the performance of the ejector. 


1 





Pounds of Free Air handled 


Absolute Pressure, Inches Hg. 
CONSUMPTION 

FIG. 2. PERFORMANCE CHARACTERISTICS OF THREE DIFFER- 

ENT TYPES OF AIR EJECTORS ALL HAVING THE SAME STEAM 


The condensate from the inter-condenser is automat- 
ically returned to the main condenser by a vacuum drain 
control or through a syphon pipe if sufficient vertical height 
is available. 

The performance characteristics of a steam air ejector 
with inter-condenser are somewhat different from that of 
the two-stage ejector without inter-condenser. 

Figure 2 illustrates the performance characteristic of 
three different types of air ejectors, all having the same 
steam consumption. The ordinates give the amount of air 
compressed in pounds per hour, the abscissa the absolute 
pressure in inches mercury. Curve A shows the perform- 
ance of a two-stage ejector with inter-condenser with both 
stages in operation; curve B the same, but with only the 
second stage in operation. The temperature of the cir- 
culating water for the inter-condenser on which these curves 
are based is 80 deg. F. at the inlet. Curve C shows the 
performance of a two-stage ejector without inter-condenser 
with both stages in operation, and curve D the same with 
the second stage only in operation. Curve E shows the 
performance of a single-stage ejector, having the same 
steam consumption as both stages of the two aforemen- 
tioned ejectors. - 

It will be noted that curves A and B of the inter-con- 
denser ejector cross each other at point 1 or at about 9 in. 
absolute pressure. This indicates that, when using a steam 
air ejector with inter-condenser, it is of no advantage to 
have the first stage in operation when the vacuum is less 
than 21 in. 
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Curves C and D of the two-stage ejector cross each 
other at point 2, which is located much farther to the left 
at about 4.5 in. absolute. With this type of ejector no ad- 
vantage is gained from operating the first stage, when the 
vacuum is less than 25%4 in. Curve D crosses curve A at 
point 3 or at 5% in. absolute, above which absolute pres- 
sure the second stage of the two-stage ejector without inter- 
condenser has considerably larger air-handling capacity 
than the two-stage ejector with inter-condenser. Curve E 
crosses curve A at point 4, which is located at about 5 in. 
absolute, and curve A crosses curve C at 6 in. absolute. 


FIG. 3. TYPICAL ARRANGEMENT OF AN AIR EJECTOR WITH 
INTER CONDENSER OF THE RADOJET TYPE FOR AN OPEN FEED 
WATER SYSTEM 
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FIG. 4. UNIT IN WHICH THE INTER AND AFTER-CONDENSER 
IS COMBINED INTO ONE SHELL 
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The following conclusions may be drawn from these 
curves: 1. From 0.2 to about 5% in. absolute the ejector 
with inter-condenser has considerably larger air handling 
capacity per pound of live steam supplied than the two- 
stage ejector without inter-condenser or the single-stage 
ejector. 2. For absolute pressures of 514 in. and higher 
the second stage of the ejector without inter-condenser 
handles more air with less live steam than the inter-con- 
denser ejector. Hence, for absolute pressures of 5 in. and 
more, the single-stage type ejector should be used. 3. Due 
to the fact that the air-handling capacity of the second 
stage of an ejector with inter-condenser is small, the time 
required for evacuation of the condensing plant will be 
greater. If rapid-evacuation is desired, an additional sin- 
gle-stage ejector will have to be supplied for this purpose. 
The principal factors controlling the performance of an 
air ejector with inter-condenser are: (a) Condition of 
steam supplied. (b) Back pressure at the discharge. (c) 
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The condition of the air handled. (d) The inlet tempera- 
ture and quantity of circulating water. (e) Cooling sur- 
face of inter-condenser. 

A typical arrangement of an air ejector with inter-con- 
denser of the Radojet type for an open feed-water system 
is shown diagrammatically in Fig. 3. The condensate from 
the main condenser is used as circulating water in the 
inter-condenser. During periods of insufficient supply of 
condensate when starting or maneuvering a thermostat- 
ically operated valve opens and re-circulates condensate 
from the feed tank into the main condenser, wherein it is 
cooled by falling over the tubes and returned through the 
inter-condenser into the feed tank. 

In some installations the water side of the inter-con- 
denser is divided into two sections, each of whicli has its 
own water supply. One receives condensate from the main 
condenser and the other cold fresh or. salt water from an- 
other source. The cold water supply is thermostatically 
controlled by the temperature of the condensate leaving 
the inter-condenser. 

A further development has been made by combining 
the inter- and after-condenser in one shell and thereby 
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FIG. 5, DUPLEX DRAIN CONTROL 


creating a compact and complete unit which entirely elim. 
inates the absorption of air and non-condensable gases by 
the condensate when returning practically the total heat 
contained in the steam for extracting the air and vapors. 
Such a unit is illustrated in Fig. 4. 

It will be seen that the second stage is arranged on top 
of the condenser shell and discharges into the after-con- 
denser section which forms part of the whole unit. The 
steam issued from the second stage is condensed therein, 
while the air and non-condensable gases escape through a 
vent to the atmosphere. 

A cold pass section is provided for the inter-condenser 
only. The after-condenser does not require a cold pass sec- 
tion because the temperature of the condensate leaving the 
after-condenser may reach 180 deg. F. or more without 
impairing the performance of the second stage of the 
ejector. 

The, water inlet to the cold pass section may be con- 
trolled manually or automatically by a thermostatically 
operated valve. If a cold pass section is not provided, a 
thermostatically controlled re-circulating system has to be 
installed. 

The condensed steam from the first and second stage 
is returned into the main condenser by a duplex drain con- 
trol as shown in Fig. 5. This consists of two separate com- 
partments. The upper one is the atmospheric drain, the 
lower one the vacuum drain. The first receives the con- 
densate from the after-condenser, the latter from the inter- 
condenser. Float controlled sleeve valves regulate the flow 
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of the condensate, which is returned into the main con- 
denser by the prevailing pressure difference. 


Vacuum AUGMENTER 

Another development which should be recorded is that 
of the low-pressure steam-operated vacuum augmenter. 
The vacuum augmenter was invented by Sir Charles A. 
Parsons in 1903 and has since that time been applied in 
connection with wet air pumps of all types for the purpose 
of improving the vacuum created by the latter. High- 
pressure live steam was used as motive fluid in the aug- 
menter, and hardly any changes in its design had been 
made since its invention until 1917, when, due to the in- 
centive of Mr. John Metten, several augmenters of the 
Radojet type operated by exhaust steam of 3 to 5 lb. gage 
pressure were developed and successfully installed and 
operated in connection with twin-beam air pumps on a 
number of torpedo-boat destroyers. It was found that, for 
the same ratio of compression and when handling the same 
amount of air, this new type of low-pressure Radojet aug- 
menter required of exhaust steam only about 25 per cent 
of the quantity of live steam used by the Parsons aug- 





A low-pressure augmenter of the Radojet type is illus- 
trated in Fig. 6, and its arrangement in connection with a 
twin-beam air pump is diagrammatically shown in Fig. 7. 
In this arrangement the heat from the exhaust steam, used 
for the operation of the augmenter, is returned to the boiler 
by circulating the condensate through the augmenter con- 
denser. The latter is of special design and is provided with 
a separate cold pass through which circulating water is 
flowing when there is not enough condensate available 
from the main condenser. The cold water supply is regu- 
lated thermostatically or manually. The application of 
the low-pressure augmenter improves the vacuum from 
1% to 2 in. over that obtained by the twinplex or twin- 
beam air pump. 

For the removal of the condensate from high vacuum 
condensers turbine driven pumps of the centrifugal type 
are employed. If the total head, including the head due 
to the vacuum, exceeds 80 ft., two-stage type centrifugal 
pumps have to be used. There has been little recent im- 
provement in circulating pumps for condenser service, due 
to the fact that pumps of the centrifugal type have reached 


a stage of development which is very near to the practical 


limits of high efficiency. 
Development in the design of surface condensers has 
been confined to condensers used in stationary power plants 
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and has been along the lines of increasing heat transfer 
and vacuum, deaeration of the condensate, highest possible 
condensate temperature, equal steam distribution and 
minimum pressure drop between exhaust opening and air 
pump suction. 

In stationary power plants an absolute pressure of 1.3 
in. with 70 deg. circulating water inlet temperature and 
a condensate temperature of 87 deg. F. corresponding to 
the absolute pressure at the exhaust inlet are being ob- 
tained. This is accomplished by proper spacing of the 
tubes and providing lanes leading exhaust steam to the 












































FIG. 7. AUGMENTER INSTALLED IN CONNECTION WITH A 
TWIN-BEAM AIR PUMP 


bottom of the condenser for heating the condensate and 
assisting in its deaeration. Equal steam distribution is 
obtained by providing several air pump suctions, which 
also reduce the pressure drop and prevent inactive tube 
surface. There are a number of different tube sheet lay- 
outs in use which all embody in various forms the devel- 
opments cited above. 

Design of marine condensers does not show any of these 
developments, which may be due to the fact that the num- 
ber of marine condensers built during the last five years 
has been small, for reasons well known. The gain in econ- 
omy resulting from a higher vacuum, higher condensate 
temperature and less steam used for operating the con- 
denser auxiliaries will in a short time pay for the higher 
price of a well-designed condenser installation. The appli- 
cation of the old rule of thumb: “So many square feet of 
cooling surface and so many inches diameter of air pump 
per horsepower,” isa thing of the past. 

Science has helped in the development of the design 
of condensers, their auxiliaries and their installation and 
has thereby created a special branch of engineering, which 
should be called upon by marine engineers and shipbuilders 
when considering new installations. 


For THE FISCAL year of 1925, a net balance of $277,115 
is shown by the Central Maine Power Co., according to 
Walter S. Wyman, president. Gross income was $4,156,- 
478; depreciation accrued and actual and maintenance ex- 
penditures were $642,033, other operating expenses $1,- 
486,585, interest and guaranteed dividends of subsidiaries 
$977,806 and dividends paid on preferred stock $700,692. 
Mr. Wyman states that if spring freshets do not interfere 
with the work, the power project at Gulf Island above 
Lewiston, Me., will be finished at a cost substantially less 
than the estimate. 
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Dutch Oil Engine Design 


Hort Bu_s Tyre ENGINE Uses Low CoMPpRESSION 


AND AIRLESS INJECTOR. 


N AMSTERDAM, Holland, the Kromhout Co. has de- 
veloped an oil engine which belongs to the medium- 
pressure type, using a so-called hot-bulb to insure the 
ignition of the fuel charge. Instead of depending entirely 
on the heat generated by the compression, the radiation 
of a partly cooled combustion chamber provides the neces- 
sary heat to ignite the fuel sprayed by the injection nozzle. 
Hot bulb engines use a low compression of about 200 

to 220 lb. per sq. in. with a maximum burning pressure 
of 250 to 270 lb. For a certain class of service and espe- 
cially for small units, this type of engine offers indubitable 
advantages in maintenance costs. The fact that these en- 


gines require preheating of the combustion chamber when 


starting from cold is no disadvantage in itself as the short 
time used for this operation is taken up in any oil engine 








FIG. 1. THIS 6-CYLINDER DUTCH OIL ENGINE DEVELOPS 500 
BREAK HP. AT 225 R.P.M. 


to open the different water, lubricating and fuel oil con- 
nections. Generally hot bulb engines are of the two-cyc!e 
type with an airless fuel injection. Solid injection, as used 
on these engines, does not create the high fuel pressures 
used in the solid injection Diesels with ‘high mean effec- 
tive pressures. In comparison, the combustible jet is but 
roughly atomized, thus permitting the use of larger nozzle 
holes and eliminating careful straining of the combustible. 


Kromuovut ENGINE Is UseD ror MARINE Work 

Some years ago these engines were generally manu- 
factured in small units but recently have increased in power 
range. The engine shown in Fig. 1, constructed by the 
Kromhout Co., is a 6-cylinder unit giving 500 brake hp. 
at 225 r.p.m. Like most designs, the engines developed by 
this company present some characteristic features as well 
as interesting refinements. Each cylinder unit is separ- 
ately bolted to the bedplate and the camshaft driven from 
the camshaft by spur gears controls the individual start- 
ing valves and fuel pumps. The big maneuvering wheel in 
the center is used to start or reverse the engine, the small 
handwheel controlling the amount of fuel delivered by the 
pumps. The lever above the maneuvering wheel relieves the 
compression of all the cylinders at the same time. The 
bilge, water circulation, oil and fuel pumps are all located 
together at the front end of the engine. 

Besides the individual silencers, Fig. 2 shows the 
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burners used to heat up the hot bulbs in the combustion 
chamber when starting the engine from cold. The auxiliary 
compressor gives the necessary air for starting and man- 
euvering purposes while the separate lubricator takes care 
of the oiling of the compressor and the pumps. As usual 
on marine installations each cylinder has a safety relief 
valve. The compression relief valves located at the front 
of the engine are made integral with the starting valves. 
It should be noted that the bilge and the water circulating 














FIG. 2. END VIEW OF ENGINE SHOWS DETAILS OF OPERATING 
EQUIPMENT 


pumps have safety valves, so as to prevent damage through 
careless closing of all the delivery valves. The cooling 
water for the engine enters at the lowest part of the cylin- 
der and passes to the individual silencers after reaching 
the highest point in the combustion chamber. 

Air scavenging arrangements are of the usual design, 
the air charge passing from the crankcase to the cylinder 
through a passage at the back of the engine and ports in 
the liners. The bedplate is in 2 sections bolted together 
and the short frames, which carry the air-inlet valves in 
both front and rear, are bolted to the cylinders. The liner 
is cast integral with the cylinder and the cylinder head is 
made in two distinct pieces, the inner one taking the com- 
bustion pressure and the outer one acting as cooling water 
jacket. The counter-weighed crankshaft rests on babbited 
main bearing shells, the latter not being provided in the 
bearing caps which have the babbit directly poured into 
the casting. The crankpins are lubricated by means of oil 
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slings. The camshaft which runs along the whole engine 
length is, during the maneuvres, simply shifted back and 
forth. For each cylinder there is but one starting and 
one fuel pump driving cam, as the profiles for the man- 
euvring motions are connected by a taper, thereby doing 
away with the necessity of lifting the rollers from the 
cams when moving the camshaft. 


AIRLEss INJECTION Is Usep 
Fuel is injected in the combustion chamber without 
the aid of compressed air, since the fuel pumps are directly 
driven by the camshaft through rollers which are in con- 
tinuous contact with the cams except when cutting out a 








FIG. 8. THIS IS THE FUEL PUMP USED ON THE KROMHOUT 
ENGINES 


certain cylinder by means of the priming levers shown in 
Figs. 1 and 2. The whole combustible is brought to the 
upper part of the pump and passes to the delivery space 
through a hollow plunger and drillings made in it. The 
suction valve of the fuel pump seats on top of the plunger 
itself and the discharge valve is located in the discharge 
pipe connection shown in Fig. 3. The pump has no by- 
pass valve, but the amount of fuel delivered to the nozzle 
is varied by changing the stroke of the plunger. This is 
obtained by increasing or decreasing the distance between 
the pump-roller guide and the crosshead pin by means of a 
gear operated by a rack. This rack is under hand control, 
as on all variable speed engines, but a governor driven 
from the camshaft limits the maximum r.p.m. and prevents 
racing of the engine. Figure 4 shows the two designs of 
fuel nozzles used on the Kromhout engine, one for the crude 
oils, the other for the tar oils and differing only by the 
shape of the whirler. 

One of the characteristic features of the Kromhout 
engine is embodied in the piston pin design shown in 
Fig. 5. This arrangement does away with direct lubrica- 
tion and only relies on the oil splashed in the crankcase. 


ENGINEERING 211 


The usual gliding friction between pin and bearing is re- 
placed by a rolling friction between a hardened flat steel 
bearing plate and a hardened steel piston pin. The latter 
is securely fixed in the piston body by a setscrew and a key. 
The tappet screw on top of the connecting rod eye is also 
made of hardened steel, and a small clearance separates 
it from the piston pin. As the engine is of the two-cycle 
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TAR OWL FUEL NOZZLE 
FIG. 4, THESE ARE FUEL NOZZLES FOR CRUDE AND TAR OILS 


type, there is always a downward pressure on the piston 
top and the piston pin will never leave the surface of the 
hardened plate. The latter will thus rock back and forth 
on the surface of the piston pin, while the connecting rod 
follows the motions of the crankshaft. This rolling move- 
ment would, of course, be transformed to gliding friction 

















FIG. 5. PISTON PIN DESIGN REDUCES FRICTION BY ROLLING 
ACTION ON HARD STEEL PLATE 


should the clearance between the tappet screw and the 
piston pin not be provided. 

In the Kromhout engine the starting system follows a 
conventional cycle, the six-cylinder engine starting on all 
cylinders at first and the fuel being cut in gradually on 
those pairs of cylinders from which the starting air has 
been cut off. This sequence of operation is obtained by 
means of the big handwheel in the center of the installation 
and by appropriate contours on the cams, 
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Transmission and Distribution Lines---I] 


VoLtTaGEs EMPLOYED IN UNITED STATES AND Europe. Types AND De- 
{ SIGN OF INSULATORS AND METHODs OF MountTING. By STEPHEN Q. HareEs* 


N THE UNITED STATES, until comparatively recent . 


years, there were very few underground cables operated 
at a higher voltage than approximately 13,200 v. and in 
most cases three-conductor cables were employed. In late 
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FIG. 1, TWO PART PORCELAIN INSULATOR 
years, however, the voltage utilized for underground dis- 
tribution has been gradually increased, in some cases using 
3-conductor cable and in other cases using single conduc- 
tors. The first radical increase in cable voltage in the 
United States was to employ cables for 25,000 v. service 
in St. Paul. In some other places voltages up to 33,000 
have been used and within the last year the Cleveland 
Electric Illuminating Company made a most interesting 
and much successful installation utilizing 66,000-v. trans- 
mission employing underground cable, single conductor, 
fed from star connected transformers with the neutral 
solidly grounded so that the voltage between conductor and 
sheath was approximately 38,000 v. 

A somewhat similar installation, operating at 40,000 
v., three phase, is contemplated for another city in the mid- 
west. 


THury Direct Current System UsEp IN EvuRoPE 

In Europe the ‘“Thury direct current series system” 
has been employed in a few locations for a number of years. 
One of the earliest of these installations was a transmission 
from St. Maurice, Switzerland, to Lausanne, utilizing ap- 
proximately 25,000 v. direct current, 100 amp., obtained 
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from 10—2500-v. d.c. generators connected in series. While 
most of this transmission was overhead, a certain portion 
was operated underground. The middle point of the series 
of generators at St. Maurice and the corresponding motors 
at Lausanne was grounded so that the insulation strain 
from conductor to sheath was approximately 12,500 v. 
This system was replaced by three-phase transmission dur- 
ing the War. 

A somewhat longer transmission to Lyons, France uti- 


. lized the direct current Thury system with a voltage of 60,- 


000 between the main conductors and a voltage of 30,000 
from either conductor to ground. Most of this transmission 











FIG. 2. THREE PART PORCELAIN INSULATOR 


was overhead but through the city of Lyons underground 
cable was employed. This Thury direct current series sys- 
tem supplying power to Lyons was to have its voltage in- 
creased to approximately 110,000 v. by putting in addi- 
tional generating stations in series with those in service. 
With the neutral point solidly grounded on the series of 
generators at one end and the series of motors at the other 
end, the voltage from any conductor to ground would be 
limited to 55,000 v., d.c. This change from 60,000 to 110,- 
000 v. will probably never be made as three- phase trans- 
mission will be employed. 

In Paris the transmission and distribution from the 
large turbo-generator installation at Gennevilliers is. by 
means of 60,000-v. underground cables to various substa- 
tions. 

The usual ovedaval transmission and distribution sys- 
tems on an a.c. installation utilizing high voltage employs 
bare conductors in nearly every case, these conductors be- 
ing spaced suitable distances apart and being supported 
on proper insulators, usually of porcelain. 
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' ATTEMPTS AT STANDARDIZATION 


While various voltages have been employed in different 
parts of the world for power transmission service, there is 
a general tendency to reduce to a minimum the different 
voltage ratings and to standardize, if possible, on multiples 
of eleven, such as 11, 22, 33, 44, 55, 66, 77, 88, 110, 132, 
154, 187, 220 kv. Many of the interurban transmission 
systems in the middle west have utilized 22 or 33 kv. and 
a number of the shorter power transmission have utilized 
44 kv. In the United States there are comparatively few 
transmissions at 55 or 77 kv., although this voltage is fre- 
quently utilized in Japan and in various parts of Europe. 
66 kv. is fairly common and 88 kv. rather rare. While there 
were a number of transmissions at approximately 100 kv., 
110 kv. is more frequently employed. A few transmissions 
exist at 120 kv. and a comparatively large number at 132 
kv., this being employed for interlinking many of the trans- 
mission systems throughout the middle west. In Michigan, 
140 kv. has been used and in California, 150 kv. In Japan, 
as well as in France, 154 kv. has been selected as the super 
power interconnection voltage. In California, 220 kv. has 
been adopted by the Southern California Edison Company, 
and the Pacific Gas & Electric Company, these installations 
operating with the neutral solidly grounded and using 
equipment such as would normally be employed for a 187 
kv. ungrounded system. 


INsULATOR DESIGN 


For the support of the overhead conductors, suitable 
insulators must be provided. While glass insulators were 
used to a certain extent up to about 22 kv., porcelain in- 
sulators are now almost universal for this service. 

For the more moderate voltages, pin type insulators 
are employed, while for the higher voltages, namely 66 kv. 
and above, it is customary to utilize disc insulators with 
the transmission wire hung from the bottom disc. For in- 
side service various designs of porcelain have been employed 
in order to obtain mechanical strength, high flashover, and 
other desirable characteristics. — 

The porcelain used is a vitreous homogeneous mixture 
of clay flint and feldspar. These raw materials are finely 
ground, accurately proportioned and intimately mixed in 
a fluid state. The mixed material is then reduced to a 
plastic state by filtering under pressure. 

Most of the insulators used for line service are made 
by the wet process. Blocks of the plastic material about 
the consistency of putty are worked into the desired shape 
and placed in plaster of paris molds. The surface not in 
contact with the mold is then worked into the desired shape 
by machine forming or pressing. The piece is removed 
from the mold after it is partly dried and is stiff enough 
to handle. The surface which was in contact with the mold 
during the pressing operation is then finished to accurate 
dimensions. The body is then thoroughly dried and glazed 
with a material that fuses into a glass at the firing tem- 
perature of the porcelain. 

Pin type porcelain insulators for voltages above 6600 
are usually made by the wet process and are generally in 
two pieces, like Fig. 1, for voltages up to about 20,000 
and in three or four pieces, like Fig. 2, for higher voltages 
up to about 70,000. The multi petticoat porcelain insulator 
usually has its parts burned separately and cemented to- 
gether after having been tested and -inspected. This in- 
sures uniformity of production and ample reliability. 

Porcelain pin type insulators are made in a number of 
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sizes and shapes for the different voltages ranging up to 
about 18 in. in diameter and about 14 in. in height, with 
two to four petticoats provided to facilitate shedding the 
rain and to give a long dry arc over path. These insulators 
are generally made to be mounted on 1%£-in. wooden pins. 
When steel pins are to be used a thimble threaded to fit 
the pin is cemented into the procelain. Grooves are provided 
on top and side for the line wire, tie wire and clamps. 

The suspension type insulator, Fig. 3, frequently spoken 
of as the disc type insulator, was developed at the time 
when voltages were increased above 50,000 because of the 
excessive weight of pin insulators for such voltage and the 
difficulty of securing proper mechanical strength in the 
pins. By using the disc type insulator it is possible to 
have ample clearance from the supporting structure and 
ample flashover value. The suspension insulators are made 
of porcelain by the wet process and are made of separate 
dise units which are assembled in series strings, each unit 
being provided with suitable means for attaching to other 
units. In most cases a galvanized iron cap is cemented on 
the top of the insulator and a galvanized pin in the bottom. 





FIG. 3. STANDARD SUSPENSION INSULATOR 


The top unit is suspended from the pole or tower cross- 
arm and the conductor is secured to the bottom unit. The 
number of units used in a string is not standard but de- 
pends on climatic conditions, line construction and the 
personal ideas of the responsible engineers. For 150,000 v. 
service, 9 or 10 ten-inch disc insulators are usually con- 
sidered sufficient, while for 220,000 v., 13 or 14 are nor- 
mally supplied. The freedom of the string to swing under 
side strain necessitates proper allowance in the length of 
the arm for such motion due to the wind pressure and the . 
angles in the line. 

The diameter of these discs varies from 6 to 10 inches 
or more, although the 10 inch size is considered standard 
by most manufacturers for normal conditions. 


PoLEs AND TOWERS 

As a mechanical support for the porcelain insulators, 
poles or towers are employed with crossarms and support- 
ing members of suitable design. Wooden poles have been 
used to a large extent for electric power distribution, elec- 
tric railways and power transmission lines because of their 
adaptability to such service. As a rule, they have the ad- 
vantages of suitable insulating qualities, durability and 
cost. In the eastern part of the United States chestnut 
poles are common. In the central states, northern white 
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cedar is used, and farther west, western cedar and red wood 
probably outnumber other materials. Other kinds of tim- 
ber locally available, such as cyprus and pine, have been 
used in the southern states. 

Poles for this service should be of such material as can 
be counted on for fairly long life in contact with the 
ground. The poles should be straight, of relatively small 
size and little taper, minimum weight and reasonably 
soft, so that the spikes of a climber may enter readily, 
while having strength to support considerable weight. To 
decrease the decay and the weakening of the poles at the 
ground line they are commonly treated with creosote or 
other wood preservative. Such treatment in many cases 
almost doubles the life of the poles made of the common 
timbers. 

Wooden poles are commonly classified as to length in 
steps of 5 ft., such as 20, 25, etc. and by top circumfer- 
ences, such as 18, 22, 25-in. tops. 30, 35, and 40-ft. length 
poles are those normally used. Wooden poles are roofed 
by bevelling so that the water will drain off and not rot 
the top. 

In certain places, concrete poles, usually steel rein- 
forced, have been installed. Such poles are of the greatest 
value where the life of wooden poles is unduly shortened by 
local conditions. Concrete poles have been made in lengths 
as high as 75 ft. A recent design of concrete pole is made 
with a hollow core in a centrifugal molding machine. 

For lines, crossing rivers or railways, at elevations 
greater than can be taken care of by the normal wooden 
poles, steel poles of lattice construction are frequently em- 
ployed. These steel poles are usually set in concrete and 
they require less ground space than a transmission tower 
and are used where a tower could not readily be employed. 
One particular type of pole is made by cutting and ex- 
panding the web of an eye beam by special machinery, mak- 
ing what is termed an expanded steel pole. One end is 
made wider and is used as the base of the pole. A lattice 
type pole built up of structural steel shapes with the lat- 
tice work riveted, bolted or welded in place is some times 
used for points in railway systems where heavy strains 
occur, as on curves or at places involving large spans. 

Most of the important high tension transmission lines 
are installed on steel towers and these are used where the 
size and voltage of the line and the importance of reliabil- 
ity of service demand the highest type of construction. 

The term “tower” as applied to the supports for trans- 
mission and distribution circuits is usually applied to a 
structure of fabricated steel having a broad base and a 
height of 35 to 50 ft. or more, while the smaller fabricated 

structures with small bases and lesser heights are usually 
spoken of as “lattice poles.” 

Steel towers are most suitable for the support of trans- 
mission line circuits because with their use spans may be 
lengthened and greater security of strain against wind and 
ice obtained. They must be designed for the loads they are 
to carry with a reasonable factor of safety. As a rule, the 
most economical use of the metal is obtained by tower de- 
signs having bases from 10 to 20 ft. square. The height of 
the tower must be sufficient to give suitable clearance above 
ground for the transmission wire at the lowest point in 
the span. With conductors arranged above each other in 
a vertical plane, the height of the tower is fixed by the 
clearance above ground at the bottom of the span of the 
lowest conductor. In rough country, where tower sites 
may be chosen on elevations, clearance above ground may 


February 1, 1926 


often be secured without providing. extra height of the 
tower to allow for the sag of conductors. 

In level country a flexible type of tower may be found 
economical and adequate. Such towers are frequently 
made in the form of an “A” frame, which is rigid against 
transverse stresses and somewhat more flexible along the 
line. With this type of construction it is usual to place 
rigid towers at intervals of about three or four thousand 
feet to limit the line trouble in case of a break. With the 
flexible type of tower a steel strand cable, used as a ground 
wire at the top of the tower, acts as a longitudinal guy. 

Towers for transmission purposes should be well gal- 
vanized and painted and the foundations of the tower lines 
must be of such dimensions as to prevent overturning. To 
insure a reasonable life concrete fittings from 4 to 6 ft. 
deep are usually provided in each corner of the tower. This 
concrete fitting includes a steel connection to which the 
base of the tower is bolted and the whole is brought suf- 
ficiently above the surface to keep it above the moisture 
line. ' 

The spacing of poles or towers in transmission line or 
distribution service depends somewhat on the local char- 
acteristics and for very high voltage it is customary to 
utilize the maximum feasible tower spacing so as to reduce 
to a minimum the number of insulating supports. Some 
of the more recent transmission systems use comparatively 
high towers spaced about four to the mile, while at river 
crossings or in the mountainous districts, much longer 
spans are frequently found. 


Modernizing a Swiss Hydro-Electric 
Power Station 


THE Societe des Usines Electriques d’Olten-Aarburg 
recently decided to modernize its hydro-electric power sta- 
tion at Ruppoldingen on the Aar, which has been in op- 
eration since 1896, in order to take advantage of the lat- 
est progress in lowhead turbine design and at the same 
time to change over from 2-phase 40-cycle, to three-phase 
50-eycle current. The old plant consisted of 10 Jonval- 
type axial turbines, developing 300 hp. at 28.5 r.p.m. 
Four of the turbines were coupled direct to the generators, 
while the six others were arranged to work in pairs and 
operate by bevel gearing 300-hp. horizontal shaft alter- 
nators. The contract for the reconstruction work was en- 
trusted to the Societe Motor Columbs of Baden, as re- 
gards the electrical equipment and to the Societe des 
Ateliers des Charmilles, of Geneva as to the turbines. 
One of the conditions demanded that the new plant 
should require no alterations in the foundations and un- 
derground construction of the power station, a stipu- 
lation which rendered it impossible to employ for the 
new turbines high-efficiency suction pipes such as the 
modern screw type turbine demands. After carrying out 
special experiments to meet the conditions imposed, the 
Charmilles Co. have supplied nine vertical shaft turbines 
which while utilizing the existing water conducting and 
discharging passages develop 1000 hp. at 94 r.p.m. as 
against the 300 hp. of the old machines. The first three 
of the new sets of turbines and generators have been in 
operation for some time, having passed the reception 
tests successfully. A feature of the plant is that the 
different sets are arranged to work in parallel, the turbines 
not being provided with any automatic speed regulating 
device. 





POWER PLANT 
ENGINEERING 


February 1, 1926 


Power Flow in Electrical Machines 


Dr. SLEPIAN EMPHASIZES THE Fact THat In ELeEctRICAL Circuits 
Power Fiows Not IN THE CONDUCTORS BUT IN THE SPACE AROUND THEM 


T A JOINT meeting of the Chicago Section of the 

American Institute of Electrical Engineers and the 
Western Society of Engineers, January 11, Dr. J. Slepian* 
delivered an exceedingly interesting paper on the flow of 
power in electric circuits and machines. Dr. Slepian’s 
paper, although of a rather abstruse nature, dealing as it 
did with a new conception regarding the flow of energy 
in an electric circuit, was characterized by this young en- 
gineer’s usual clearness and simplicity of exposition. Dr. 
Slepian possesses the rare ability to explain highly com- 
plex conceptions in an interesting way. 

In discussing the flow of power in electrical circuits, 
Dr. Slepian considered that the power flows not in the 
copper conductors, as we ordinarily conceive it to flow, 
but in the space around them. This is somewhat differ- 
ent from the usual conception of electric power flow and 
since in some ways it may. seem to oppose the accepted 
theory, the question arises, which is true? If this new 
conception is true, is the old one wrong? Is the new 
one untrue? Or can they both be true? 

Before discussing the subject of power flow from this 
new viewpoint, Dr. Slepian deemed it necessary to first 
discuss briefly the question of the ultimate nature of 
truth. In other words, is there such a thing as an abso- 
lyte truth? Can we say, conclusively, this thing is true, 
therefore, that thing is not true? Does the fact that one 
conception is true prevent another conception of the same 
thing from being equally true? 

From a consideration of modern physics and of relativ- 
ity we must conclude that two different conceptions of the 
same thing may be both true. A hundred years ago we 
would not have reasoned in this way but so many of our 
old time notions have been shattered by the new physics that 
we are beginning to look at things in a different manner. 
Our most fundamental conceptions—those of the abso- 
luteness of space and time—have been shown incorrect. 
Space and time, instead of being absolute, are shown to 
be purely relative conceptions. The space and time for 
one observer is not the space and time for another ob- 
server, yet so far as each observer’s conception is con- 
cerned, both are true. Each observer employs his own 
conception of space and time to explain phenomena and 
if it explains these phenomena in a satisfactory manner, 
his conception may be said to be true, for him alone, how- 
ever. 

So, reasoned Dr. Slepian, we can conclude that there 
may be more than one truth regarding certain phenomena. 
There may, however, be degrees of truth; that is, one 
truth may be greater than another insofar as it is able to 
explain a greater number of conditions. From this stand- 
point, Dr. Slepian considered his theory of power flow 
to be more true than the existing theory, since his theory 
was able to explain satisfactorily a larger number of con- 
ditions. 

Reverting for a moment to the modern physics, Dr. 
Slepian pointed out that in this new physics—relativity— 
we have introduced something new, something that our 
older physics did not contain, and that is, intelligence. 
In all of the explanations of the principle of relativity, 


*Research snginest, Westinghouse Electric and Mfg. Co., 
East Pittsburgh, Pa. 


we assume an observer endowed with certain reasoning 
powers. This is something not done in connection with our 
former notions regarding space, time and man. 

So in explaining the new theory of power flow, Dr. 
Slepian proposed to employ some being endowed with 
intelligence. Most of us started our study of electrical 
engineering by the aid of hydraulic analogies, so here also 
he proposed to start with an hydraulic analogy. Con- 
sider the arrangement of pipes shown in Fig. 1 which, 
as will be evident, is analogous to the electric circuit of 
Fig. 2. The pump corresponds to the generator, the pipes 
to the wires and the water motor to the electrical load. The 
current i in the wire is represented in the hydraulic sys- 
tem by the amount of water flowing through the pipe 
and the voltage V acting on the electric circuit corre- 
sponds to the pressure produced by the pump. To obtain 
the amount of power in watts in the electrical circuit, 
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FIG. 1. FISH IN PIPE SYSTEM IS ABLE TO DETERMINE 
WHETHER OR NOT POWER IS BEING TRANSMITTED 
FIG. 2. SIMPLE ELECTRIC CIRCUIT FOR SHOWING TRANS- 
MISSION OF ELECTRIC POWER 



































FIG.2 


the voltage V is multiplied by the current i. In the pipe 
system the-power flow is arrived at in the same way. 

Now, let ts assume a fish to be swimming in the pipe, 
and further assume that it is an intelligent fish—one en- 
dowed with certain reasoning powers. Is it possible for 
this fish, swimming in the pipe to find out whether or 
not power is being transmitted? Let us see. As the current 
carries him along, he notes various marks on the walls 
of the pipe and as they pass by at a uniform rate he 


realizes that the water must be in motion; he knows there .. 


is a current. Now, what about pressure—can he know 
that there is pressure in the pipe? Yes. Assuming that 
the fish is compressible, he is compressed and finds by 
measuring his body that he has become smaller in diameter 
or in circumference. So he reasons that the water sur- 
rounding him is under pressure. Since our fish is capable 
of knowing that both current and pressure exists in the 
pipe, he can, by multiplying the pressure by the current, 
determine the amount of power being transmitted. 
Proceeding now to a consideration of the electric 
circuit shown in Fig. 2, let us see whether an intelligent 
being in the wire, an electron fish, for instance, could 
determine if power was flowing. This fish, like the fish 
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in the water, is also capable of determining that there is 
current by noting his motion relative to the pipe. But 
unlike the water fish, he can have no knowledge of the 
potential acting on the circuit. Being inside of a metal 
conductor, he is entirely shielded from all lines of elec- 
tric force and cannot be aware of them. Faraday long 
ago showed that if a man was placed in a metal cage or 
box and the box charged to any potential above that of 
the earth, he would not be cognizant of it. So, said Dr. 
Slepian, we find our electron fish at a decided disad- 
vantage; he cannot form an idea of potential, therefore 
he cannot know that power is being transmitted. 


Birp 1n Space AROUND WIRE Knows Power Is 
TRANSMITTED 


Let us now consider a bird. Suppose a bird flying 
through the air comes close to the wires of a high potential 
transmission line. As he approaches the wires, the hairs on 
his feathers under the force of the electric field, sud- 
denly rise and stand up on end. The bird feels this and 
coming to a stop says “Hello, this wire must be charged 
with electricity.” At the very outset, then, this bird has 
the advantage over the electron fish. This bird, however, 


Lh, 
FIG. 3. A BIRD FLYING CLOSE TO A HIGH POTENTIAL TRANS- 


MISSION LINE FEELS THE EFFECT OF THE ELECTROSTATIC 
FIELD ON HIS FEATHERS 


said the doctor, is an intelligent creature and has been 
trained. Hauling out a small compass which he carries 
around, he places it near the wire and noting the deflec- 
tion, immediately knows that, in addition to the electric 
field about the wire, there is also a magnetic field and, 
therefore, a current in the wire. 

It is apparent then that the bird in the space around 
the wire knows a great deal more about what is happening 
in the electric circuit than the electric fish in the wire. He 
knows that there are two fields of force about the wire; 
first, the electric field extending radially outward from 
the wire and, second, at right angles to the first but in 
the same plane, the magnetic field, the lines of which are 
concentric with the conductor. In Fig. 4 is shown a sec- 
tion through the two conductors of the circuit showing 
the two fields of force. 


Use MapbE or PoyrntING’s VECTOR 

At this juncture, Dr. Slepian briefly discussed the 
application of Poynting’s Vector to the solution of the 
problem. Poynting’s law, named after the English scien- 
tist who discovered it some fifty years ago, is stated as 
follows: When a conductor carrying a current is in an 
electrostatic field, the transfer of energy takes place through 
the dielectric along paths which are the intersections of 
the equipotential surfaces of the electrostatic field with 
the equipotential surfaces of the electromagnetic field 
due to the current. From this law and from a study of 
Fig. 4 it is apparent that the energy transfer is in a direc- 
tion parallel to the wire. The points of intersection of 
the two fields are represented by the black dots, hence, 
if any power is to be transmitted in accordance with 
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Poynting’s law, it will necessarily have to be in a direction 
parallel to the wire. 

So our bird flying around in space is capable of 
determining that there is a transfer of energy along the 
wire; furthermore, by plotting the lines of force and in- 
tegrating the entire field, he can calculate the magnitude 
of the energy flow. . 

Here we have a new conception—something entirely 
different from the commonly accepted theory. We have been 

gaccustomed to regard the power as being transmitted 
through the wire. Now, viewing the phenomena from a 




















FIG. 4, DIAGRAM SHOWING THE ELECTROSTATIC AND MAG- 
NETIC FIELDS SURROUNDING TWO WIRES CARRYING AN ELEC- 
TRIC CURRENT. THE SMALL BLACK DOTS SHOW POINTS OF 
INTERSECTION OF EQUIPOTENTIAL SURFACES OF THE ELEC- 
TROMAGNETIC AND ELECTROSTATIC FIELDS 


different standpoint, we find that all the energy or at 
least practically all of the energy exists in the space 
between the wires. 

The remaining portion of Dr. Slepian’s talk was con- 
cerned with the application of this conception to the in- 
terpretation of various conditions which arise in electric 
circuits. ‘ 


IN AN INVESTIGATION being conducted at the Pitts- 
burgh, Pa., experiment station of the Bureau of Mines, 
Department of Commerce, an effort is being made to .de- 
termine whether the character of the precipitates form- 
ing in boilers may be made to assume a form in which 
they do not attach themselves to the walls; and if the 
material in the boiler wall exercises any influence. Data 
have been obtained on the non-condensible gases which are 
carried off in the steam, and the correct relationships to 
be maintained when carbonate becomes unstable and phos- 
phate must be used in boiler water conditioning. The 
use of phosphate may form objectionable deposits. This 
condition is being looked into. Further, indicators used in 
titrating boiler waters do not necessarily represent the true 
phosphate or carbonate concentration. Means of controlling 
this indication are being investigated. Conditions which 
may bear on wet steam are being watched in the hope 
that definite information may be acquired on the factors 
influential in wet steam development and thereby control 
be obtained over them. 


THe New Enctanp Power Co. of Worcester, Mass., is 
to erect an additional power plant at Rowe, Mass., from 
private plans, which will cost about $35,000. The Sher- 
man Power Construction Co. has the contract. The build- 
ing will be of concrete and steel, one story. 
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Recent Developments at Colfax Station’ 


HistoricaL SKETCH OF EQUIPMENT IN THIS PLant oF DuQuEsNe LIGHT 
Co. anp Data oN PerrorMaNce Resutts. By CHarves W. E. CLarKeEt 


OLFAX STATION of the Duquesne Light Co. which 

serves the district in and around Pittsburgh, Pa., 
started its first unit in December, 1920. This and the 
second unit started in October, 1922, are practically dupli- 
cate, but the third unit is materially different. 

In the first unit is included a 60,000-kw., 3-element 
turbo-generator, condenser with 100,000 sq. ft. surface in 
4 shells and having Le Blanc air pumps, 7 cross-drum 
boilers, 51 by 18 tubes with superimposed superheater, 
fired by 17-retort, 22-tuyere underfeed stokers with clinker 
grinders, operating at 275 lb. per sq. in. and 600 deg. F. 
The auxiliary power system is a 2000-kw. house turbine ex- 
hausting to atmospheric condensers or feed-water heaters 
and a %50-kw. synchronous induction motor-generator set, 
both feeding house busses. 

The second unit varied only in having 6 boilers, 20 
tubes high, superheaters of interdeck type and, steam-jet 
air pumps. Extensive coal-handling and storage equip- 
ment was provided, and several boilers have been equipped 
with air preheaters. 


Latest Unit Is DIFFERENT 


When the third unit was decided on, higher pressures 
and temperatures, pulverized fuel, air preheating, steam 
reheating and multi-stage bleeding were discussed. Con- 
ditions finally adopted were 275-lb. pressure, 650-deg. F., 
' pulverized fuel, 4-stage bleeding with an auxiliary gen- 
erator on the main turbine shaft for house service and 2 
35,000-kw. multiple-exhaust turbines in place of a single 
larger one. Also only 5 boilers were added for pulverized 
fuel, a sixth for stoker-firing being put into vacant space 
in the existing boiler house. The new boilers have 47 by 
20 24-ft. tubes giving 27,680 sq. ft. of heating surface. 
Fourteen burners are used per boiler in two batteries of 
seven each, the drums being set 5 ft. higher to give more 
combustion space than in the older units. Preheater ducts 
are to be carried down the side of the boiler walls. 

Two 6-ft. pulverizing mills are installed for each 
boiler, on the top floor directly under the raw-coal bunker 
and above the aisle between the two rows of boilers. Mills 
and the separators above them are walled off to isolate 
them from the rest of the boiler house. Bunkers of 35-t. 
capacity for the pulverized coal are in front of each boiler 
above the drum lines, feeding direct to the burners. Bunk- 
ers are supplied by a duplicate set of screw conveyors, 
cross-connected so that any bunker may be fed from any 
set of mills. 

Plate air preheaters are located above the boilers, with 
fans in separate rooms connected so that air may be taken 
from inside or outside the boiler room. All are on the 
same level as the pulverizer mills. 

Two boiler furnaces have hollow side and front walls, 
air cooled by air passing to the furnace and rear walls 
with plain-tube water screens. With CO, above 13 per 
cent, it is found that these furnace walls will slag and 
tun. Three boilers have plain-tube rear walls, fin-tube 
side wall water screens and hollow front walls. They will 
carry considerably higher CO, without slagging. 


assure of paper read at the Annual Meeting of the 
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All ash pits have water screens, hollow-lined, air-cooled 
bottoms and dump the ashes into sluices, running length- 
wise of the boiler house and discharging into receiving 
pits whence ashes are taken by a clam-shell bucket into 
cars or trucks. 


Avxitiaries ARE Motor-DRIvEN 

All auxiliaries except the steam-jet air pumps are 
electrically driven from the house generators but have a 
“voltage chaser” which automatically throws them to the 
station bus or vice-versa in case of loss of voltage on either. 

Condensate from the hot well flows through generator 
air coolers, transformers, turbine-bearing oil coolers and 
condensers for the steam-jet pumps, in the order given, 
to act as a cooling and condensing medium, the condensate 
gaining some 29 deg. F. under full load conditions. Steam 
for the bleeder heaters reduces the efficiency about as 
much as the losses reclaimed in condensate, but clean 
water is used and clogging by leaves and scum is avoided. 
Raw water can be used in emergency for cooling genera- 
tors and transformers, but is not passed through the 
transformer coils which are cooled by heat exchange. 

Boiler feed pumps are driven by 500-hp. variable- 
speed motors, the speed being varied from 1630 to 1800 
r.p.m. by the Hagan automatic pressure regulator, using a 
balanced piston actuated by the difference between boiler 
feed and steam pressures. A rack on the piston rod turns 
a gear to operate a notching drum which in turn closes 
a cireuit controlling a pilot motor to drive the main con- 
troller a given distance when a releasing device opens the 
pilot motor circuit. This operation is repeated until in- 
creased speed of the pump motor gives sufficient pressure 
to bring the regulators to rest. 

Push-buttons labeled start, stop, fast, slow, automatic 
and manual are mounted on the control panel for oper- 
ating the system. 

In the additional intake, two rows of screens have 
been used, the front of 114-in. mesh, the rear 34-in. mesh 
to take care of the heavy deposits of leaves in fall and 
spring. 

Borter Room OPERATION 

From Mar.,; 1922, to July, 1924, the older units were 
run at an average of 170 per cent of rating and showed 
efficiency averaging 75.4 per cent. From July, 1924, to 
July, 1925, the average load was 157 per cent rating and 
average efficiency 79 per cent, varying from 77 to 81 per 
cent but with steady upward trend. 

Unavailability has averaged 10 per cent for all boilers, 
due to cleaning, repairs and alterations. Over a period of 
41% yr., 43 tubes have been replaced, 36 for test purposes 
to determine cause and extent of corrosion; 4 due to cut- 
ting and 3 because of small cracks and holes. 


TurBInE Room OPERATION 


With variations due to temporary operating condi- 
tions, the trend of average heat consumption per kilowatt 
hour for the station has been downward since 1922 but a 
marked reduction has been made since the third unit 
went into service in 1924, the average for the first 6 mo. 


of 1925 being about 17,750. At present precise deter- 
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mination of results fyom the third unit by itself cannot 
be made but tests show the heat rate at the boiler nozzle 
to be for full load 12,752 B.t.u. per net kw-hr. delivered ; 
for 34 load, 13,021 B.t.u.; for ¥% load, 14,200 B.t.u. Full 
readings are given in the paper, the main conditions being, 
pressure 266 to 270 lb., temperature 566 to 598 deg., con- 
denser vacuum 28.15 to 28.35 in., back pressure in ex- 
haust 0.99 to 1.22 in. abs., hot well temperature 76 to 83 
deg., discharge tem. from No. 4 heater 303 to 349 deg. 

As to reliability, from Dec., 1920, to July, 1925, the 
first three-unit turbine has been available in whole or in 
part 93 per cent and as a complete unit 70 per cent of 
the time. Chief causes of outages have been blade and 
dummy rubbing, the rest being due to minor repairs and 
changes. From Oct., 1922, to July, 1925, the second tur- 
bine has been available wholly or partially for 85.5 per 
cent and as a complete unit 82 per cent of the time. Out- 
age for repairs and alterations has been 7.5 per cent of 
the time, over half being for blade and dummy trouble. 
The third installation has been in service less than a 
year, the first unit of this being available 86 per cent 
of the time and the second 92 per cent. 

Station Cost 

Lowest cost per unit of output, including fixed as 
well as operating expenses, is the proper objective in 
power station design. Local conditions and difference in 
method of reporting doubtless explain part of the wide 
differences in costs, which vary from $70 to over $200 
per kilowatt capacity. But capabilities of designers and 
builders are important factors in cost and details must 
be taken into account in making comparisons. Including 
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power station, sea wall, intake and discharge tunnels, out- 
side switching station, overhead costs, engineering and 
construction fees, the cost of Colfax Station at completion 
of the second unit was $116.51 per kw. for 120,000 kw. 
capacity. With the third unit added, the capacity is 190,- 
000 kw. and cost per kw., $115.80 including building, 
foundations, reserve boilers and service equipment which 
are applicable to the fourth unit. 

This fourth unit, which is under way, will be 80,000 
kw., giving a total of 270,000 kw. at estimated cost of 
$107.50 per kw. 

Division of costs is as follows for the 190,000-kw. 
capacity : 

Building and foundations 

Boiler plant 

Turbine and generators 

Switchboards, transformers, conduit and 
wiring 

Piping 

Condensers and auxiliaries 

Draft system 

Condensing water system 

Auxiliary equipment 

Service equipment 

Station yard and tracks 

Coal handling 

Feed-water system 

Sea wall and shore protection 

Outdoor switching station 

Machinery foundations 

Preliminary operation of plant 


20.1 per cent 
16.1 per cent 
15.9 per cent 


14.4 per cent 
6.9 per cent 
6.8 per cent 
4.9 per cent 
4.1 per cent 
1.9 per cent 
1.7 per cent 
1.7 per cent 
1.3 per cent 
1.3 per cent 
0.9 per cent 
0.7 per cent 
0.7 per cent 
0.6 per cent 


Insufficient Data for Estimating Fuel Waste 


FLuE Gas TEMPERATURE, Soot oN TUBES AND CARBON 
IN ASH ENTIRELY OVERLOOKED. By H. D. FisHEr* 


lie THE Novy. 15 issue, p. 1152, F. C. DeWeese cites an 
investigation of a poorly run boiler plant, and, while 
there are many plants undoubtedly as bad or worse, it is 
questionable whether all of Mr. DeWeese’s conclusions 
necessarily follow from his observations. 

Regarding the flue gas losses, it is not specified where 
the samples were taken, but this was presumably in the 
main flue of boiler uptakes. Low CO, here is not an in- 
fallible indication of poor efficiency unless the flue tem- 
perature is comparatively high, as often with good firing 
and reasonably tight boiler settings there is sufficient air 
leakage around flue necks, front doors and flue joints to 
greatly dilute the flue gas with cold air, giving low CO,, 
but also low flue temperature, so that the actual flue gas 
losses are not excessive nor greater than for normal per- 
centage of CO, and normal flue temperature. 

The low average rating developed is not conclusive evi- 
dence either way, as it may be due to poor draft caused by 
excessive air leakage and low stack temperature or to poor 
firing and not utilizing a greater percentage of the air pass- 
ing through the furnace for combustion. 

Although the chimneys are short, their 48-ft. height 
should give about 0.24 in. draft at the boiler damper, since 
in practice the available draft from a chimney amounts to 
about 0.5 in. of water per hundred feet of height. With 
good firing and depending on the number and size of the 
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boiler tube, there should be available in the fire box, 14 to 
24 of this amount, which should be sufficient to give rates 
of combustion between 15 and 20 lb. per sq. ft. of grate 
per hr. In hand-firing practice it is customary to allow 
1 sq. ft. of grate for each 5 hp., so that these 150-hp. boilers 
probably have about 30 sq. ft. of grate surface. As one- 
eighth the grate area is ample for stack area, the 6.6 sq. 
ft. is a generous provision. 

Kent’s formula for chimneys contains a considerable 
allowance for flue resistance and overloads, so that in sim- 
ple cases of this kind a direct consideration of available 
draft and area allows of more detailed estimate of the 
possibilities of the equipment. Probably if the numerous 
leaks in the setting were fixed up the load could be carried 
on two boilers and by raising the rate of combustion to 
around 12 lb. per sq. ft. of grate per hr., better fires could 
be carried and more efficient results obtained. Increasing 
the height of chimneys when not necessary is, as has been 
found in oil burning installations, only a temptation to 
the fireman to operate with wasteful amounts of excess air. 

Mr. DeWeese’s method of calculating excess air is sub- 
ject to considerable errors for low percentage of CO, when 
the fuel contains any material quantity of available hydro- 
gen. The formula he uses is only applicable to an all-car- 
bon fuel. For the average run of coals, the hydrogen re- 
quires about one-sixth as much oxygen for complete 
combustion as the carbon and with these constituents the 
excess air formula based on per cent CO, is: 
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7C0, 
Percentage excess air = 100 XK (20.9 — — + 
6 


6.735 CO, 
———-—. By this formula 4 per cent CO, figures out to 

6 
354 per cent excess air instead of 417, as given by Mr. 
DeWeese. 

It would also be interesting to know how Mr. DeWeese 
arrives at his figure of 1 per cent preventable loss for each 
12.11 per cent excess air. No figure for flue gas temper- 
ature was given although this is vitally necessary for cal- 
culation of all heat losses. Based on the specific heat of 
air this would mean a flue temperature of 560 deg. F., 
which seems high with only 4 per cent CO, and 55 per 
cent rating. 

The estimate of loss due to boiler scale also seems high. 
There has been much unfounded discussion of the enor- 
mous losses due to boiler scale, but it will usually be found 
due to scale on the fire side of the tubes rather than on 
the water side, in other words, to soot rather than scale. 
A report of the University of Illinois Experimental Sta- 
tion on “The Effect of Scale on the Transmission of Heat 
Through Locomotive Boiler Tubes” has been widely quoted 
in support of the scale evil, but the first series of tests, in 
which the startling results of losses up to 16 per cent of 
the fuel were obtained, were so irregular that almost any- 
thing can be proved from them. Scaled tubes showed 
greater heat transmission than clean tubes and individual 
clean tubes showed variations up to 4 per cent. 

In the later series of tests where the experimenters had 
become more proficient in handling the apparatus, the re- 


sults were much more regular and the differences shown © 


between clean and scaled tubes were much smaller, being 
only about 2 to 4 per cent, which corresponds more nearly 
to operating experience. In boilers which are not being 
pushed to extremely high ratings, it is not an unusual ex- 
perience to find 7g in. scale in the tubes next to the fire 
and I have seen a boiler with 3-in. tubes operated at rating 
for several months with so much scale in tubes of the last 
pass that a 14-in. pipe would not pass through the tubes 
and in some of which it took 24 hr. to drill out the scale 
with a turbine. None of these tubes burned out, although 
theoretically no heat was being absorbed. 

Consider the matter another way. If the scale prevents 
the absorption of heat from the flue gases and reduces the 
boiler efficiency, the heat loss must go somewhere and the 
only place is up the stack, resulting in higher flue tem- 
perature. No matter how poor the fireman, he must at 
times, even if only accidentally, get a good fire so that the 
CO, comes up around 9 per cent, that is, approximately 
100 per cent of excess air. Under these conditions; the heat 
of the flue gas represents about 4 per cent of the heat of 
the coal for each 100 deg. F. rise in temperature, so that 
if a 16 per cent loss is taking place, due to scale prevent- 
ing heat transmission through the tubes, the flue gas tem- 
perature must be about 400 deg. above the average flue gas 
temperature for clean boilers which is 450 to 500 deg. F., 
or 850 to 900 deg. F. 

Now thermo-couple measurements have shown that for 
clean boiler tubés the tube is only about 10 deg. above the 
temperature of the water inside, which for 100 lb. gage is 
338 deg., so that the clean tube would be at a temperature 
of 348 deg. F. with flue gas at 450 to 500 deg. F. Exper- 
imental evidence seems to show that the rate of heat trans- 
fer by convection increases only slightly at higher tem- 
peratures, so that with the same amount of heat 
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transmitted to the scaled tube by the hotter flue gas, the 
temperature difference between gas and tube presumably 
still would be between 102 and 152 deg. F. while the tubes 
in the last pass would be at a temperature of about 748 
deg. F. This is approaching the safe limit, which means 
that the tubes in the earlier passes of the boiler, where gas 
temperatures run up to 2000 to 2300 deg. F., would likely 
exceed it. 

But as there is no wholesale burning out of tubes under 
these conditions, it seems more reasonable that the insulat- 
ing qualities of the scale on the water side of the tubes has 
been considerably exaggerated and that when large losses 
and high flue temperatures are really found, it is largely 
due* to soot on the fire side, which cuts down the trans- 
mission of heat into the tube and allows the water inside 
to keep the metal down to a normal temperature. Mr. 
DeWeese beyond a general recommendation at the end 
makes no mention of this matter of cleanliness of the fire 
side of the tubes, which requires more constant watchful- 
ness than for scale on the water side. 

Another point requiring constant watchfulness on the 
part of the chief is unconsumed coal and coke in the re- 
fuse. Mr. DeWeese made no mention of this important 
item of loss in his report. Improper grates, excessive shak- 
ing, careless cleaning of fires, failure to burn down prop- 
erly, all cause considerable loss and when using a high ash 
coal with tendency to clinkering, this loss may be excessive. 
It is an excellent idea in a small hand fired plant to have 
the refuse dumped in some conspicuous place, so that if 
the fireman is letting too much coke get away from him, 
someone else will have a-chance to notice it. 

Mr. DeWeese’s treatment of the whole combustion part 
of the problem is unfortunate, as the term “preventable 
loss due to incomplete combustion” refers to an insufficiency 
of air supply rather than an excess, as in this case. The 
curve, which was designated Fig. 2, showing relation be- 
tween CO,, furnace temperature, excess air and fuel loss 
means nothing, for the furnace temperatures are obviously 
theoretical temperatures of combustion which mean nothing 
in a boiler furnace where temperatures are affected in each 
individual case by rate of combustion and boiler surface 
directly accessible to radiant heat. Also, the relation of 
CO, to excess air is strictly correct only for a single ultimate 
analysis of coal and only approximately correct, that is, 
within usable limits, for a single.class of fuel such as the 
coals from a single district. As already stated, fuel loss 
has no relation to CO, unless the flue gas temperature is 
stated as flue gas may be diluted indefinitely after leaving 
the boiler tubes with air at room temperature without 
affecting the fuel loss or efficiency of the boiler at all. 

A minor point is that all losses are figured on the basis 
of an operation of 8760 hours per year. While many public 
service plants carry full steam pressure at all times, the 
average industrial plant has considerable periods, in some 
cases nights, in nearly all cases week ends, when steam 
pressure can be greatly reduced if fires are not entirely 
out. This should reduce the estimate of radiation and 
steam leakage losses and, if properly applied to the rate 
of coal consumption, would give a more accurate idea of 
the boiler rating developed and what should be expected in 
operating conditions. 

Readymade remedies such as these applied regardless 
of their suitability to the troubles of the plant, often have 
discredited the work of careful and conscientious en- 
gineers. No man can make a perfunctory examination and 
diagnose the trouble—he may suggest remedies for the 





POWER PLANT 


220 


more obvious points but it is up to the man in charge, 
usually the chief engineer, to keep after these and the 
smaller losses day by day. Only the chief can prevent the 
condition where the accumulation of losses causes the 
plant to slip down hill so far that only extraordinary effort 
and expenditure can bring it back. In return for this 
effort he should be provided with pay and working con- 
ditions proportional to his responsibilities. 

In the case cited by Mr. DeWeese, the chief was re- 
sponsible for the disposal of $35,000 worth of coal, besides 
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other supplies. What fraction of this, compared with the 
savings a competent man could make, did or does his salary 
represent? Some comment should have been made as to 
the type of man in charge and the general sanitary con- 
ditions of the plant. Often this is as important as recom- 
mendations for changes in mechanical equipment. The 
consulting engineer, who wishes to see his plans handled 
with the judgment necessary to make them a success, should 
see that conditions are made such that a self-respecting 
man can live in the plant. 


Lubrication of Refrigerating Machinery 


EFrFects oF LusricaNnts oN Parts Nor Requirine Lusrication, As WELL As THEIR 
Errects on AcTuaL WEARING Parts, Must Be Consiperep. By ALLEN F. BrEwer* 


ITH THE exception of steam cylinder lubrication, 

where condensed steam is to be returned to the boilers, 
open feed water heaters, or used for process heating around 
the works, the lubrication of power plant equipment is 
essentially a matter of reducing friction. As a result the 
problems involved are those of pressure, temperature, 
clearance, and the like. But with refrigeration equipment 
there is another factor, in that the effects of lubricants on 
parts not requiring lubrication must be given prior con- 
sideration to their effects upon the actual wearing surfaces. 


In consequence, the selection of lubricants for refrigerat- - 


ing machinery is one of the most important items in the 
upkeep and maintenance of such plants. 

In refrigeration work, the cooled product, whether it be 
ice, water or air, must be free from contamination. Oil 
is one of the most detrimental features; its presence in ice, 
for example, will render this product frequently unsuitable 
for household or domestic use where there is any pos- 
sibility or necessity of ice coming in contact with food or 
beverages. In turn, oil in the cooling system will bring 
about a reduction in refrigerating efficiency, because unless 
the oil has an extremely low pour test, it will tend to be- 
come so sluggish under low temperatures as to deposit on 
the interior of the cooling coils, being returned slowly, if 
at all, to the compressor with the refrigerant. Such a film 
or coating of oil causes a marked reduction in heat trans- 
fer through the coils, serving, so to speak, as an insulating 
medium. 

In selecting lubricants for refrigeration machinery we 
must, of course, consider the refrigerating media in- 
volved. At the present time these include anhydrous am- 
monia or ammonia gas free from water, known chemically 
as NH,; carbonic anhyride, CO,; sulphur dioxide, SO,; 
ethyl chloride, C.H,C,; and propane, C,H,;. While their 
characteristics vary rather widely from a chemical point 
of view, and likewise their lubricating requirements, the 
ways in which they bring about the phenomenon of 
refrigeration are essentially the same. These methods in- 
volve, first evaporation and expansion during which heat 
is abstracted from the adjacent surroundings ; second, com- 
pression and condensation to remove this heat from the 
refrigerant and render it capable of serving once more as 
a cooling medium. 

For a lubricating oil to be suitable for ammonia com- 
pressor lubrication it must possess certain definite prop- 
erties, such as low pour test, preferably below zero Fahren- 
heit, a flash point above the highest prevailing temperature 
in the system and a sufficiently low viscosity (i.e. usually 
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not above 200 sec. Saybolt at approximately 100 deg. F.) 
in order to insure against frothing and emulsification with 
the refrigerant. 

Of course, the exact limitations of any of these char- 
acteristics will depend upon operating conditions and the 
design of the system, such as the average temperature 
prevailing in the coils, the location of the oil, separator, 
the method of lubrication and the mechanical condition of 
the compressor and its component parts. 


THe Pour Test 1s AN IMPORTANT CHARACTERISTIC 


That the lubricant must retain its fluidity and resist 
congealment when exposed to the prevailing low tem- 
peratures in the expansion or refrigerating side of the sys- 
tem is a fact that renders the pour test perhaps the most 
generally important characteristic. As a result, an am- 
monia compressor oil should be a straight mineral, filtered 
product having a viscosity of from 100 to 250 sec. Saybolt 
at 100 deg. F., according to the pour test desired. The lat- 
ter characteristic usually decreases with the viscosity ; i.e., 
a typical 100 viscosity oil will show a pour test of —5 deg. 
F. or under, whereas, with a 200 viscosity lubricant this 
may be a few degrees higher. 

Necessity for purity cannot be stressed too much, for 
the presence of any foreign matter such as dust, dirt or 
water will interfere materially with the proper function- 
ing of the oil. Water, of course, would be especially ob- 
jectionable, for it would probably freeze on being carried 
over to the refrigerating coils and by remaining in the 
system, would reduce the evaporative efficiency. Not only 
does the above apply to the use of new oil, but also to the 
oil already in service. Every care should be taken at all 
times to prevent leakage or entry of water due to dripping 
or splashing. For this reason, oil cans should not be placed 
under snow covered pipes. 

Straight mineral oils are essential, because fixed oils, 
such as animal or vegetable products, when used in com- 
pounding will not only have a tendency to gum at higher 
temperatures and congeal at low temperatures, but also 
will be likely to undergo chemical reactions with ammonia. 
Fixed oils will also tend to generate free fatty acids, which 
will probably have a corrosive action on the metallic parts 
of the system and may also form a certain amount of 
sludge in event of reaction with ammonia gas. 

The importance which can be attached to the flash point 
will depend upon the type of compression system em- 
ployed. In the so-called wet system, flash point is not as 
important as in a dry compression system, because the dis- 
charge temperatures will in general be considerably below 
the flash points of.the average satisfactory ammonia com- 
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pressor oil. Where a dry compression system is involved, 
however, the cylinder temperatures will be higher, ap- 
proaching more nearly the danger line from the angle of 
flash point. Special attention must therefore be paid to 
the latter characteristic, for the flash point must be sufli- 
ciently high to preclude the possibility of distillation or 
“cracking” of the oil at the discharge temperature. The 
usual range in temperature of a dry compression system, 
above one operating under wet conditions, will be from 
40 to 60 degrees. 

Viscosity of a lubricating oil is of importance in that it 
is a measure, to a certain extent, not only of the pour test 
and flash point, but also of the tendency that the oil will 
have to froth of emulsify with the refrigerant. In gen- 
eral, the lower the viscosity, the more generally suitable 
will be the oil and the less the chance of objectionable 
emulsions occurring. Such emulsions, of course, may be 
regarded as possessing lubricating value to a certain extent, 
just as does the lather or emulsion formed by a com- 
pounded steam cylinder oil. On the other hand, in the 
ammonia compressor there will be the possibility of this 
froth or emulsion passing into the system to cause deposits 
or clogging. So it should be guarded against as far as 
possible. ; 

In event of the necessity for the oil film to supply 
more than the usual amount of piston seal due to scored 
cylinder surfaces, loose rings and the like, a somewhat 
higher viscosity may be beneficial. It must be borne in 
mind that it is quite as important for this oil to form 
and maintain this seal as it is to lubricate the wearing sur- 
faces. In other words compression must be brought about 
to the maximum degree, according to the design of the 


system. Where constructional conditions are as intended, 
an oil of from 100 to 150 sec. Saybolt viscosity at 100 deg. 
F. will give the best results. In horizontal machines, how- 
ever, where wear may often take place more rapidly, or in 
any compressor with loose rings, a viscosity up to 200 or 
250 sec. saybolt may be advisable, in order to maintain the 
requisite seal and the degree of compression necessary. 


CarE NECESSARY IN O1L CoNTROL 


To insure that too much oil does not find its way over 
to the oil separator and impose more or less of an overload 
on this apparatus, it is always advisable to regulate care- 
fully the flow of oil to the compressor, wherever possible. 
Otherwise the separator should be drained or blown back 
at more frequent intervals, in order to prevent as far as 
possible any of the lubricant from passing over into the 
evaporator coils. This of course, would reduce the capacity 
of the condenser and evaporator and ultimately the system 
would have to be blown out. 

In regard to the time for blowing back, it may be 
stated that this should usually be done when the oil gage 
on the compressor indicates. that the oil has dropped to 
approximately 1 in. from the bottom of the glass. The 
separator should be blown back when the compressor is 
in operation, the return valves being closed promptly, just 
as soon as the separator gage indicates that this device is 
freed of oil, otherwise ammonia will tend to pass through 
to the compressor case, to increase the pressure therein and 
possibly cause frothing, emulsification or the formation of 
deposits. 

Where a lighter oil is being used, a certain amount of 
evaporation may occur when the oil’is subjected to the 
heat of compression, especially in a dry compression sys- 
tem. This will occur regardless of the flash point. As a 
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result there will be a possibility of this vapor being car- 
ried over into the system with the refrigerant, to. condense 
therein and, in all probability, to remain in the coils. An 
effective oil separator will remove the greater part of this. 
oil, provided it is properly located, preventing entry to the 
condenser. But to bring this about effectually, the separa- 
tor must be located as close as possible to the condenser. 
Furthermore, its size is important, for it must permit of 
ample reduction in the velocity of the gases, in order to 
enable effective separation. If the main separator is not 
functioning properly, it is advisable to look to its location. 
Frequently it may be set too close to the compressor, the 
rush of hot gases precluding effective condensation and 
separation of the oil. While but one separator may give 
perfectly satisfactory service, wherever practicable it will 
be advisable to locate auxiliary devices of this nature at the 
lowest point of the condenser and evaporator coils. 

It is not always possible, however, to locate the separa- 
tors in the above manner. In such instances the possibility 
of high evaporation (of the oil) can be counteracted by 
raising the viscosity to a certain extent. That is, an oil of, 
say, 200 to 250 sec. Saybolt viscosity would probably show, 
a lower evaporative tendency than a 100 sec. viscosity oil 
and should be used therefore under such conditions, com- 
mensurate, of course, with the type of system and the pour 
test required. To check up the efficiency of an oil, separa- 
tor, the amount of oil removed from it can be compared , 
with the amount fed to the compressor, for any measured 
period of time, Any extensive difference would be an in- 
dication of ineffectual separation caused by abnormal 
evaporation and possibly by improper location of the 
separator. 


PREVENTION OF LEAKS 


One of the causes for the apparent loss of oil from cer- 
tain compressors is imperfect sealing of the stuffing boxes, ' 
with resultant leakage of oil. To counteract ‘the corrosive 
effect of ammonia on copper, bronze and other’ ‘alloys, and 
the detrimental effect of mineral oil on rubber, it is necés- 
sary, as a rule, to build compressor stuffing boxes of cast iron 
or steel, the same as other parts of the machine, using’ 
asbestos or babbitt metal as the packing. 

To insure more effective lubrication of the piston rod 
in its passage through this packing, it is customary in 
some types of compressors to provide for a hollow space 
or “oil lantern” between two sets of packing, oil being fed 
to this oil-way by a hand pump or some form of automatic 
pressure lubricator. In certain double acting compressors, 
this oil lantern also serves as an auxiliary means for 
lubricating the cylinder, oil being intentionally allowed to 
work past the packing. With certain grades of the latter, 
oil performs the additional function of protecting the 
material from the possible corrosive effects of ammonia, 

A well lubricated piston rod and a properly functioning 
oil-lantern are indicated by a glossy, smooth finish on the 
former, in the shape of an oil film; normal temperatures 
and the maintenance of a satisfactory seal are shown in the 
stuffing box. Where it is possible to use pressure lubrica- 
tion, this procedure is preferred by many on account of the 
positive results attainable, and the practicability of sup- 
plying an amount of oil commensurate with the running 
speed of the compressor. In many cases, timed lubrica- 
tion is possible, the oil being supplied at each stroke, if 
necessary, and at the right moment to insure the best 
results, 

In splash-oiled compressors of the vertical type, lubri- 
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cation is practically as automatic as is possible, the en- 
closed crankcase doing away with the need for external 
means of oiling and, in many cases, the stuffing boxes. 
Here the oil serves both the compressor cylinder and s0- 
called external parts or bearings in much the same way 
as in an internal combustion engine. In a splash lubri- 
cated compressor the oil level must be carefully watched. 
The mistake should never be made of adding too much oil, 
otherwise excessive churning may take. place, with the pos- 
sibility of an excessive amount of oil passing over to the 
refrigerating system. 


LuBRICATING VACUUM AND ABSORPTION SYSTEMS 

In ammonia refrigeration systems of the vacuum and 
absorption types, pumps take the place of compressors, the 
vacuum system, as its name implies, working below atmos- 
pheric pressure, the absorption system above atmospheric. 
In fact, with the exception of the application of heat in 
the absorption system these two function very much alike. 

From a lubricating point of view the pumps are the 
only mechanism in such systems that require attention. As 
a result there are really no inherent problems involved, 
with the exception of selecting a lubricating oil capable 
of maintaining the requisite seal: between the piston rings 
and cylinder wall. Usually a straight mineral, filtered 
product, as mentioned above in connection with the com- 
pression system, hdving from 200 to 250 sec. Saybolt 
viscosity will adequately serve the purpose. 

Where such pumps are steam driven, of course, due care 
must be exercised in the choice of steam cylinder lubri- 
cants, especially if the exhaust steam or condensate will 
in any way come in contact with the ice, as would be the 
case were the condensate to be used for ice making. -As a 
result, a steam cylinder oil capable of ready and rapid 
separation from the exhaust must be used and every care 
taken to feed it sparingly to prevent any excess being car- 
ried over. Wherever possible a straight mineral oil should 
be used for such purposes, on the other hand, where a com- 
pounded oil must be used in order to give the proper 
amount of lubrication due to the steam cylinders, it will be 
advisable to choose a product composed of a filtered stock 
‘of medium viscosity and a high grade of special animal or 
fixed oil. Filtering is regarded as being conducive to more 
ready separation of the oil or emulsion from the con- 
densate, thereby reducing the possibility of discoloration or 
contamination of the ice. 


CarBon DI0xIDE SYSTEMS 


As with ammonia compression systems, lubrication of 
carbon dioxide or carbonic anhydride compressors requires 
consideration of certain operating conditions and construc- 
tional arrangements relative to the temperature of the re- 
frigerating coils, the type of compressor, the manner of 
lubrication and provisions for same, the location and effi- 
ciency of the oil separator, and the mechanical condition 
of the compressor wearing parts. In many ways, the prin- 
ciples of operation of a carbon dioxide system are prac- 
tically the same as with an ammonia compression system 
with the general exception that higher pressures (up to 
1000 Ib.) may be involved, requiring heavier constructional 
details.to insure safety and rigidity. 

By virtue of these higher pressures, the cylinder tem- 
peratures in a carbon dioxide compressor will usually be 
relatively higher than those in an ammonia compressor. 
‘This, of course, must be taken into account when select- 
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ing compressor oil, for the flash point should be suffi- 
ciently above the discharge temperature to insure against 
partial distillation. In addition the pour test must be 
below the temperature of the refrigerating coils to attain 
the best results. To meet these conditions, a straight min- 
eral filtered oil is best, having a medium viscosity range 
of from 100 to 250 sec. Saybolt as approximately 100 deg. 
F. The question of reaction occurring between the hydro- 
carbon constitutents of the oil and carbon dioxide is for- 
tunately of but little moment, for the affinity existing be- 
tween the two is practically negligible. As a result, the 
only chance of oil being carried over into the condenser 
arises in case it is vaporized; if the flash point is suffi- 
ciently high this should rarely occur. 

Oil traps and properly designed stuffing boxes are quite 
as essential to effective operation of a carbon dioxide sys- 
tem as to one using ammonia. Stuffing boxes, however, 
usually require more compartments on account of the 
higher pressures involved. They are, in general, pressure 
lubricated by some force feed oiling device, for it is abso- 
lutely essential to counteract the possibility of leakage of 
gas by oil pressure. This latter requires accurate control, 
however, for if too much oil is delivered the pressure in 
the stuffing box may exceed that of the compressor, with 
the result that a certain amount of oil might pass to the 
gas relief line and refrigerating system, especially where 
the oil trap or separator might not.be properly located or 
capable of functioning as intended. 


IceCansand Compressor Valves 
Demand Attention 


PREVENTION AND STOPPAGE OF IcE Can LEAKS AND DE- 
TERMINATION OF LirT oF AMMONIA COMPRESSOR VALVES 
Discussep sy N.A.P.R.E. Mempers. By CuHas. H. HEertTER 


NOTHER INTERESTING meeting of New York 
Chapter No. 2, N.A.P.R.E. was held recently at the 
Continental Hotel, Broadway and 41st St., New York City, 
at which, after the routine business of the chapter had been 
transacted, an interesting discussion of various phases of 
refrigeration plant operation was held by the members. 
The principal points in this discussion are given below. 


Stoprine Ick Can LEAKS 


Answers were first sought as to methods recommended 
for stopping leaks from standard 300-lb. can ice tanks. 
Such leaks should be stopped, because the escaping brine 
is likely to destroy the cork insulation and damage the 
building, or spoil the ice in storage. Leaks occur at various 
places as follows: 

Obviously the packing of horizontal shaft brine pro- 
pellers should be kept reasonably tight and a drip gutter 
provided to keep brine away from the insulation. Lignum 
vitae wood bearings are found most satisfactory. Hemp 
packing greased with tallow can be used in the stuffing box. 

The 14-in. diameter rubber packing ring used between 
propeller supporting bracket and end wall of tank is like- 
ly to decay in time and will cause leakage. A more durable 
packing, such as asbestos sheet, should be used. 

These two difficulties are avoided in vertical shaft pro- 
pellers. To reduce the first cost, manufacturers supply 
small diameter vertical agitators with high speed motors, 
resulting in poor efficiency. Mr. Arvidson therefore sug- 
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gested the use of a large, slow-speed, brine agitator, with 
shaft placed at an angle of 10 or 15 deg. to the tank 
bottom. 

Other places for leakage are the 1% or 2-in. pipe tank 
stuffing-boxes at bottom of end wall for liquid feed pipes. 
These are designed for very little packing and are likely to 
be buried in the wall insulation. The best practice now 
does away with stuffing boxes by running the liquid feed 
pipes downward within the tank, 2 or 3 ft. from the end 
wall. 

Some manufacturers run a 2 or 214-in. steel angle all 
around the tank top, 4 in. below upper edge, to act as sup- 
port for tie braces and frame work for covers. As the brine 
level varies and is likely in some places to rise close to the 
top of the tank, brine can escape at rivet or bolt holes in 
the angle, unless provision is made for securing a tight 
joint. Evidently it would be best simply to weld the angle 
to the tank wall. The remedy suggested for leaky angles 
was the use of “Alomel” as made by Werner Paint Co., 
Hoboken, N. J., forced in with a grease gun as in the 
Alemite system applied for lubricating automobiles. Pre- 
sumably “Smooth-On” cement would be satisfactory in this 
case too. 

THAWING TANKS SOMETIMES OVERFLOW 


Leakage frequently charged to the ice tank really comes 
from the overflowing of thawing tanks, the water running 
down over the end wall insulation and creeping under the 
tank. For this reason’ the dipping tank ought to be kept 
away from the ice tank, and, to prevent water from enter- 
ing the leverator shaft, the dumpers should be kept at least 
§ ft. from the shaft. Special precautions should be taken 
to have an impermeable apron or protection over the wall 
and bottom insulation of the ice tank. 

All these sources of leakage can be readily attended to, 
hut if the steel tank leaks in the seams of bottom and side 
sheets, it becomes a difficult and expensive problem, so that 
in many cases this work is postponed indefinitely. Relief is 
sometimes obtained by throwing bran or cornmeal into the 
tank, which lodges over leaky cracks, and it may be pos- 
sible to accomplish the same object with sufficient hydraulic 
Portland cement. E. Hatch reported that electric welding 
was a sure cure. He knows of a case where four 50-t. ice 
tanks with total 2864 t. cans of 300 lb. each had been 
welded for about $3600, equivalent to $1.25 per can, ex- 
clusive of the work of emptying and cleaning the tanks 
and replacing coils, framework, cans and covers. 


PROPER S1zE PLATE VALVES NECESSARY FOR GOOD 
OPERATION 


The writer pointed out that one of the objects of these 
meetings was the education of engineers, to enable them to 
increase the economy of the machinery in their charge. By 
far the greatest opportunity for immediate success could 
be found in the improvement of the valves in ammonia and 
air compressors. Formerly, he said, it never occurred to 
engineers to analyze the design of the machinery in the 
plant, and thus enormous losses continued for years. If one 
did not command the necessary knowledge, one could take 
the matter up with the manufacturer, or with valve spe- 
cialists or with capable consulting engineers, and it would 
venerally be found that the substitution of ample size 
plate valves for the old valves would improve the perform- 
ance 10 to 25 per cent. He referred: to his talk on this 
subject given on March 19, sketched on the blackboard a 
modern plate valve and showed in detail how the gas ve- 
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locity through the valves could be arrived at by simple 
arithmetic. He said it was necessary to calculate separately 
the exact net effective flow area in plan through the valve 
guide, through the valve body or seat, and through the 
lifting edges of the valve plates or rings, which latter 
equalled the periphery of all inside port edges in inches, 
multiplied by the lift, such as 14 in. or 0.125 in., which 
gave the total lift area per valve. The lift, of course, was 
equal to the distance between seat and step, less the thick- 
ness of the valve plate. 


CALCULATING AREA OF VALVE OPENING 


Even plate valves may not give best results if there are 
obstructions to flow. The smallest area existing in the 
whole valve passage was the area used for calculation. 
Referring, then, to L. H. Jenks’ paper on “Effect of Speed 
on Compressor Capacity and Power” read Nov. 30, 1925 
at the annual meeting of the A. S. R. E., one could check 
the calculations by the figures derived from that paper, as 
follows: 


CALCULATING GAs VELOCITY 


One Frick compressor cylinder, horizontal, double act- 
ing, 10144 X 18 in. 

1. Net piston displacement in cu. ft. per min. equals 
net piston area in sq. ft., times stroke in ft., times revs. 
per min. Thus, head end volume equals 10% in. diam. = 
86.59 sq. in. <- 144 = 0.60132 sq. ft. — 18/12 ft. = 
0.90198 cu. ft. per rev.; X 200 revs. per min. = 180.396 
cu. ft. per min. Crank-end volume equals: 1014 in. diam. 
= 86.59 sq. in.; less area of 214 in. diam. piston rod or 
3.5466 = net 83.0434 sq. in.; 4 + 144 = 0.57669 sq. ft.; 
xX 18/12 ft. = 0.86503 cu. ft. per rev. & 200 rev. 
173.007 cu. ft. per min. 

Evidently there is but 95.6 per cent of the head-end 
volume to be pumped through the crank-end, which is some- 
times reflected in a lower m.e.p. for that end. However, 
the work of the crank-end valves is more severe because of 
the shorter time available for expelling the gas. Expulsion 
of gas occurs within about the last 20 per cent of stroke. 
On the forward stroke there are, with a connecting rod 3 
strokes long, 57.3 deg. of crankpin travel available, while 
on compression stroke toward head-end, only 49.6 deg. are 
available (see Kent’s Handbook) which means but 86.6 
per cent time when we ought to have 95.6 per cent. Hence 
the velocity through the crank-end discharge valves is 
fully 10 per cent greater than through the head-end valves. 
However, engineers usually calculate the average gas vel- 
ocity due to the whole piston displacement. 

2. As there are only two suction valves of 4 sq. in. each 
(lift 3/16 in.) available at a time to gas flow, the average 
suction gas velocity is 353.403 cu. ft. + 8/144 = 6361.2 
ft. per min. 

3. There are two discharge valves of 3 sq. in. each 
available (lift 4% in.) hence the average velocity of gas 
through discharge valves is 353.403 cu. ft. + 6/144 = 
8481.7 ft. per min. 

4. The lower the gas velocities the more efticient is a 
compressor likely to be. Let us determine the gas velocities 
found in the 11 X 13 in. York vertical single acting 
compressor referred to by Thomas Shipley at our New Or- 
leans Convention, Nov. 13, 1924: Combined displacement of 
two cylinders equals: 11 in. diam. = 95,033 sq. in. 
13 X& 2 = 2470.858 cu. in. per rev. X 180 revs. = 444 
754.44 cu. in. per min. -~ 1728 = 257.381 cu. ft. per min. 

5. Each cylinder has four 2.3 sq. in. suction valves in’ 
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piston (poppet type, lift 3 in.) soins in a mean suction 
gas: velocity of 
4X 2.3 
257.381 +--+ = 4028.57 ft. per min. 
144 

6. The discharge gas velocity through 3 poppet valves 
with 36 in. lift, equals 257.381 -~- 6.51/144 = 5693.21 ft. 
per min. Evidently one should aim to reduce the gas 
velocities to at least the figures here given. 

G. Savarese related: instances where changes in valves 
had resulted in great improvement, and Mr. Vecchie spoke 
of difficulties he is experiencing with high speed com- 
pressor valves having too small a lift (3/64 in.) The above 
suggestions should enable engineers to locate the cause of 
their valve troubles. 

Mr: Arvidson sketched on the board a 2-can filling tank 
arrangement provided with one balanced shut-off valve 
actuated by a large float cylinder 8-in. diam., 14 in. long, 
which is giving him good results and uniform weight of ice. 

Arthur P. Miller contributed the following practice 
problem for mathematically inclined engineers. Three dif- 
ferent sized pipes are able to fill a tank in 60, 45 and 15 
min. respectively. How many minutes does it take to fill 
this tank with all three pipes flowing. This puzzle was 
soon solved, and is added here for the entertainment of 
others. 


Steam Plant or Diesel Engines? 


Comparisons SHow SEAsoNAL HeEatina NeEEps Must 
DecipE CHOICE oF PRIME Movers. By Ernar WINHOLT 


URING RECENT years the Diesel engine has gradu- 

ally forged its way to the front in the United States. 

If power alone is to be considered, it is the most economical 

of all prime movers. But in most of the northern states of 

this country, heat is as of much importance as power and 

for 6 to 8 mo. of each year the manufacturer’s problem is 
not only one of power, but power and heat. 

When this combination is considered, we at once have 
the answer to why the Diesel engine cannot accomplish 
in this country what it has in Europe. Even one who 
knows only the mere fundamentals of power and heat must 
realize that during the heating season the average indus- 
trial plant not only can obtain power from its steam plant 
but can utilize the exhaust steam for heating. It is obvious 
that in so doing the power is a by-product and costs prac- 
tically nothing. 

Instead of theorizing, however, let us consider a con- 
crete example. In an ordinary manufacturing plant, lo- 
cated where the heating season usually begins in early fall 
and continues to late spring, there is 100,000 sq. ft. of 
radiation for heating. This will require approximately 
800 b.hp. for average weather and about 1000 b.hp. when 
the temperature ranges from zero to 10 deg. above. The 
electric load of the plant is from 700 to 1000 kw-hr. It 
is evident, therefore, that whether electric power is pur- 
chased or manufactured, a 1000 b.hp. steam plant must 
be available for heating. 

Operating during warm weather, when no heat is 
required, even with a non-condensing unit, a water rate of 
approximately 30 lb. per kw-hr. may be expected. With a 
boiler efficiency of 70 per cent, the thermal efficiency of 
the combined boiler, power and heating plant will be about 
8 per cent with this water rate. If the prime mover is 
operated condensing and assuming a water rate of 18 lb. 
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per kw-hr. with the same boiler efficiency, the thermal effi- 
ciency will be approximately 13 per cent. 

But during the time the exhaust steam is used for 
heating, the thermal efficiency of the plant will be 70 per 
cent, if the boiler efficiency is still maintained at this 


figure. 
Stram PLtant SHows High AVERAGE YEARLY EFFICIENCY 


Now, if we assume a heating season of 6 mo. with a 
thermal efficiency of 70 per cent and non-condensing oper- 
ation during warm weather at 8 per cent, the average effi- 
ciency of the plant for the entire year will be 39 per cent. 
How does this compare with the best yearly average of a 
Diesel plant? Assuming that sufficient heat from the 
jacket water and exhaust gases could be reclaimed from a 
Diesel installation to bring its thermal efficiency up to 39 
per cent and further assuming that fuel in both cases could 
be purchased on the same B.t.u. per dollar basis, the Diesel 
plant would give the same results as steam. 

But here the favorable comparison ends, for, in addi- 
tion to the fuel for the Diesel engine, a sufficient amount 
must be purchased to heat the plant for 6 mo. of the year. 
If, as previously stated, the plant will require approxi- 
mately 800 b.hp. per hr. for heating and assuming a coal 
consumption of 3.5 lb. per b.hp., the fuel consumption for 
heating load alone will amount to 6000 t. of coal in 6 mo. 
At $3.50 per ton, the heating bill will be at least $21,000. 

This does not require an engineer to determine which 
method to choose, for any business man or plant executive 
can see that the steam power plant is the more economical 
when it comes to a question of both power and heat. 


DrsesEL ENGINES EcoNoMIcaL WHEN Heat Not NEEDED 


Where the power requirements are greater than the 
demands for heat, a Diesel plant should be considered. 
This holds true, especially in water works, ice plants, and 
other establishments where practically no heating is re- 
quired but where there is a constant demand for power 
24 hr. per day. In many places in the southern states, 
where heating requirements need not be considered and the 
cost of oil is low, a Diesel plant may supply power at a 
figure far below that of any other prime mover. 

In the preceding comparison between Diesel and steam- 
operated plants, consideration has been given only to the 
efficiency of operation and the cost of fuel. No attempt has 
been made to compare original costs, fixed charges, labor or 
maintenance, as such items naturally depend on local con- 
ditions which must be worked out for each case. 


A STUDY OF THE comparative composition of various 
coal tars is being conducted at the Pittsburgh, Pa., ex- 
periment station of the Bureau of Mines, Department of 


Commerce. The purpose is to apply analytical methods 
now practically standardized by the bureau to represen- 
tative tars from various sources, obtaining thereby a uni- 
form comparison of their composition and value. At pres- 
ent there are no reliable analytical data available which 
will serve as a basis for comparison and evaluation of coal 
tars, particularly low-temperature tars. Six tars were se- 
lected as representative of the best known low-temperature 
carbonization methods employed in this country. These 
have been subjected to uniform methods of analysis de- 
veloped in the Bureau of Mines laboratories, and the re- 
sults compared with those obtained for a coke-oven tar 
and a water-gas tar. 
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New Metallic Gland Packing Gives 
: Service 


From time to time new designs of packing make their 
appearance, most of them being intended for a specific 
purpose, but few having real practical value. The packing, 
however, shown in Fig. 1 is really a simple form of metallic 
packing specially suited for the rods of high speed steam 
engines. At the base of the gland is a gun metal ring A, 
followed by a ring of the packing H, a cast-iron lantern 
bushing, C, two more rings of packing B’ and B”, and 
finally a ring of soft asbestos D, followed by the gun metal 
gland HZ. The rings, B, B’ and B”, are of a special alloy 
cast in the form of rolls about 12 in. long and 6 in. diameter 
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FIG. 1. SIMPLE FORM OF METALLIC PACKING FOR RODS OF 
HIGH SPEED STEAM ENGINES 





and after being shaken in a “rattler” to remove the surface 
metal, are turned in a lathe by a special tool. This tool 
takes off the metal in the form of a thread which is col- 
lected into skeins. The metal in this state is plaited and 
impregnated with graphite and heavy mineral oil. The 
plaits are then cut into suitable lengths and pressed into 
rings with a diagonal joint. This is done in a die and 
during the pressing the surplus oil is exuded. 

In use the packing is screwed up fairly tight and a new 
packing after being taken up once or twice requires little 
adjustment, remaining steam tight for long periods with- 
out any tendency to cut the rod. It is claimed to have all 
the virtues of the best metallic packing, while being as 
simple as it is possible to make it. 

Figure 2 shows another type of special packing, which 
also is specially suited to high speed engines, the idea being 
to exclude steam from the stuffing box. There are two 
floating packing boxes A and A’ kept apart by the spiral 
springs B and B’ which also keep the packing in the boxes 
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tight. The faces C and D are ground and the springs keep 
the packing boxes steam tight against these faces. It will 
also be noted that the boxes have segmental ends working 
against the pieces # and EL’ which provide freedom of move- 
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FIG. 2. SPECIAL DESIGN OF METALLIC PACKING INSIDE OF 
FLOATING BOXES AND HELD ON THE ROD WITH COIL SPRINGS 


ment. Inside these boxes are disposed the actual packing 
blocks F and F’, held against the rods by springs G and @’, 
There are only two vertical ground joints which are kept 
together by the springs G, but there is practically no steam 
pressure in the stuffing box, first, due to the ground faces 
between C and F and secondly, to the fact that the blocks 
F are a ground fit between the faces of the floating boxes. 
Warrington, England. F, JoHNSTONE-TAYLOR. 


Pipe Lines Should Be Direct and of 
Ample Size 


I RECENTLY had the pleasure of straightening out one 
of the worst refrigerating plant. layouts I ever saw. An 
analysis of this job may be of value in pointing out how 
an installation should not be made. 

This is a compression plant. The liquid line from the 
double-pipe condenser takes a vertical drop to the floor, 
along the floor and then up to the top of a vertical re- 
ceiver. This construction forms a most excellent pocket 
for the accumulation of impurities, They eventually 
plugged up the line completely. I raised the condenser 
and made as straight a connection as possible to the 
receiver ; that cured the trouble there. 

My attention was next directed to the suction line. It 
was supposed to have been a %4-in. pipe all the way from 











the expansion coils to the compressor but I found a variety 
of sizes there. From the 34-in. suction header the size 
was reduced to % in., then raised to 4 in., through a 
1%-in. valve, then again increased to 34 in. to the com- 
pressor. I took out all of this and replaced it with a 
34-in. line. 

With these changes the friction load was so reduced 
that the plant is now easily able to operate at its rated 
capacity. 

S. G. Rogers. 


Novel Form for Checking Pipe Fittings 

Her: Is an ingenious and simple method for keeping 
a record of pipe fittings which the writer believes is en- 
tirely new. It was developed by an engineer friend who is 
with a large eastern engineering company. 
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MAKING AN INVENTORY OF PIPE FITTINGS IS EASY WITH A 
BLANK FORM LIKE THIS 


For example, where reducing tees have three different 
sizes of openings, as often happens, the problem of record- 
ing those openings in an orderly manner has heretofore 
always been a stickler. The accompanying reproduction of 
a blank form used by this engineering concern shows how 
easily it can be done. 

Similarly, reducing elbows and return bends can be 
checked or recorded on the same form which tells the whole 
story without the necessity of vexing explanatory remarks 
such as are to be found attached to the usual variety of 


pipe fitting records of this character. 
Newark, N. J. W. F. ScHapPHorst. 


Exhaust or Live Steam Heating 


THERE are engineers who believe that exhaust steam 
which has passed through a steam engine running idle is 
better for use in radiators than the steam which passes 
through a reducing valve. 

Personally I believe they are mistaken for although it 
may be true that the exhaust steam from an engine run- 
ning idle will be superheated to a small extent, it is also 
true that the steam passed through a reducing valve will 
be superheated probably to a greater degree. In the case 
of the engine more heat is lost to friction and radiation 
than with the reducing valve, although ordinarily tests 
will show the same quality of steam in each case. 

The theory that the pulsations of the engine in some 
mysterious way extract more heat units than may be found 
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with the reducing valve has not been proved. Many ques- 
tions and calculations have been made in an attempt to 
show why the engine exhaust is better than live steam for 
heating but with the ordinary high pressure engine using 
steam direct from the boilers without any supplementary 
heating around the cylinder or elsewhere, I believe it is 
impossible to get more heat out of 100 lb. of any kind of 
exhaust steam which has not been superheated from a 
source other than that which is contained within itself 
than it is possible to get from 100 Ib. of dry live steam at 
the same pressure when used for heating. 

In many instances when using exhaust steam for heat- 
ing or else an equal amount of live steam at different 
periods of the same day, I found that practically the same 
amount of coal was burned when the machines were closed 
down and live steam was used. 

My opinion is that it is safe to take for granted that 
live steam or exhaust steam at equal pressures will give 
equal results in a heating system. That wet steam will give 
up its heat quicker than dry steam under the same outside 
conditions does not appear probable. 


Toronto, Canada. JamEs E. Noste. 





Reasons for Bags in Boiler Shells 


BAG DEVELOPMENTS at the bottom of horizontal return 
tubular boilers over the furnace fire are a common occur- 
rence the affected condition of which may be due to one of 
several causes. The cause definitely given by F. E. Hussey 
on page 1284 of the Dec. 15 issue is a physical impos- 
sibility. The editor appropriately noted this cause to be 
doubtful but that. sudden opening of the steam valve would 
conceivably lift the surface of the water. This is true, as 
a vacuum is caused in this event with forceful effect only 
upon the water surface near the steam outlet. 

Most frequently the contributing factor found in devel- 
oping bags is the accumulation of scale at the bottom of the 
shell, thereby preventing the direct contact of water with 
the plate and consequently overheating of this plate. This 
accumulation is sometimes attributed to falling of loose 
scale from between the tubes after any vibrative work is 
done, either in cleaning tubes or renewing one without a 
final shell bottom inspection or washout. Investigation has 
determined definitely this evidence as having caused a bag. 

In some cases bags may be due to the adherence of oil 
which finds its way into the boiler through the feed water 
system. When engine or lubricating oil adheres to the 
water surface, it acts as a heat insulator. If it happens to 
settle upon the surface directly above the flame, a bag in 
the shell will be the result, provided the temperature 
reaches sufficient intensity. Investigation determines this 
evidence as the cause by detecting a powder-like discolor- 
ing, the shades differing with the quality of the oil. 

Bags, pockets or bulges in the shell over the fire have 
occurred on account of the metal of the shell plate being 
of inferior quality, having such defects as slivers, lamina- 
tions, blisters or slag clots, produced while the plate was 
in the process of manufacture. The strength of such a 
defective plate is consequently decreased and in time be- 
comes so weak in the defected area that a pocket or bulge 
is produced on account of insufficient strength to resist the 
forces acting upon it. Investigation will also disclose this 
evidence as the cause in this case. 

An occasional cause of bag development is by firing 
up without water in the boiler through negligence or 
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ignorance. It may seem absurd in this day of advanced 
power plant efficiency even to mention this particular cause 
—but it has happened and, it is safe to say, may happen 
again. 

Now, in determining a cause for bag development 
where investigation discloses no tangible or visible evi- 
dence, a feasible theory frequently discussed by engineers 
is the multiple concentration and ever rapid formation of 
steam bubbles rising or rather amassing over a spot at the 
shell bottom where the heat is most intense. This theory 
is not as yet an established fact but there has been suffi- 
cient proof to show that a bag will not develop (unless it 
is from any of the above stated causes) where heat is 
evenly distributed over the heating surface. 

To substantiate this theory, it has been observed that 
in nearly every case of bagging coming to our attention not 
showing any evidence of any of the above stated causes, 
there has been a stoker where the combustion rate is so 
high that the temperature produced is intense and its ac- 
tion upon the immediate area of the shell causes such a 
rapid evolution of steam bubbles as to prevent water dis- 
placement at the same rate of rapidity. As this partially 
keeps the water from the hottest part of the shell, a bag 
is most likely to develop. 


Jersey City, N. J. T. P. Tutt. 


Economy Builders 


WE Ake arriving closer and closer to the point where 
guess work in the boiler room, manual labor, and much 
mental labor will be eliminated. At the recent Power Show 
several concerns demonstrated devices that automatically 
keep the pressure where it belongs by speeding the stoker 
up or down, regulating the damper, balancing the draft, 
and keeping the CO, at the right point. One of these de- 
vices is electrical and the others are mechanical. Some of 
them are in actual operation in very large power stations 
and it is claimed that they are doing their work well. 
Like mechanical boiler feed regulation, damper regulation, 
temperature regulation, pressure regulation, and most 
other modern automatic regulation, automatic combustion 
control will give us far better regulation than human 
regulation can possibly give. Mechanical devices don’t 
forget, do not become fatigued, are willing to work day 
and night, do not go on strike, and can be made more 
sensitive to temperature and pressure changes than can 
the human being. Automatic combustion control is a 
modern necessity both from the standpoint of fuel con- 
servation and of labor saving. We haven’t enough la- 
borers in this country today and besides fuel is becoming 
so costly (due to scarcity of labor) that engineers can no 
longer afford to be bothered with inefficient hand labor. 
Engineers should have opportunity to think and handle 
power plant problems scientifically. Automatic combus- 
tion control gives them that opportunity. 

The best industrial power plants of today as well as 
the large central power stations, are having nearly every- 
thing of importance recorded permanently by means of 
recording instruments. 

What was the temperature of our chimney gas yester- 
day before and after each soot cleaning? 

What effect did the soot cleaning operation have on 
the draft? On the CO,? On the superheat temperature ? 

What was the average CO, during last month and the 
corresponding month last year? 

How much steam passed through pipe “C” last week.? 
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Have furnace temperature conditions been improved 
during the past year? 

How does the boiler feed water regulator act during 
peak loads? 

A few years ago the standard answer to questions like 
that was, “I don’t know.” Today any one of them can 
be answered by the chief engineer of a modern power 
plant without leaving his room. He can tell you the exact 
conditions right now as regards any one of the above 
items. It is a good, healthful, economical state of affairs, 
worthy of adopting to a reasonable extent by the smaller 
plants. In most instances recording instruments soon pay 
for themselves. Nearly any instrument that makes for 
greater fuel saving soon pays for itself. 

Newark, N. J. W. F. Scoapuorst. 


Oil Separators Give Results 

SoME TIME ago the writer appealed to readers for sug- 
gestions as to the best way to remove cylinder cil from 
steam engine exhaust. As we have recently accomplished 
our purpose by installing oil separators and, with the 
thought in mind that some reader might be interested in a 
few details of the installations, I wish to offer the follow- 
ing suggestions : 

Get a separator approximately twice as large as the 
exhaust line. In our case we installed a 14-in. separator on 
an 8-in. line. If possible, install a run of pipe the same 
size as the separator and approximately six diameters long, 
ahead of the separator. On the exit side of the separator, 
use a reducing flange and connect directly to the exhaust 
line. Use a reliable trap, preferably of the multiple type, 
for handling the oil from the separator. This oil may be 
reclaimed by a simple separator comprising two pipe risers 
in the form of a U tube. Oil, being lighter than water, will 
rise higher and may be drawn off for use on bearings or 
wherever an inferior oil is satisfactory. 

We are now using condensate in our bleach plant and 
so far have not detected any oil. 

Lincoln, N. H. 


Rust Causes Shaft Gland Trouble 


IN THE PLANT where I am employed there are three 
turbo-alternators which require water at a low pressure of 
about 4 to 8 lb. to seal the shaft glands from air leakage. 
This water is drawn from an iron tank of about 300 gal. 
capacity, placed at sufficient height to get the desired 
pressure. 

For years we had a continual source of trouble by rust 
accumulating in the tank and passing along with the water, 
then finally lodging in the fittings, stopping the supply of 
water and necessitating removal of the fittings for a 
thorough cleaning. This had to be repeated about once a 
month. | 

This trouble has been entirely eliminated by 3 applica- 
tions of rust resisting paint which form a “carbon coat” 
on the metal surface. The paint was applied about a year 
ago and there has been no trouble since. 

New Bedford, Mass. 


A. P. Norrer. 


R. G. Spooner. 


Baneor, Me., has voted to buy a centrifugal water 
pump of seven million gal. capacity, with a simplex elec- 
tric motor and other equipment at a cost of about $20,000. 
The measure is passed to protect the city’s water supply 
owing to uncertainty through ice conditions. 





Flue Gas Temperature and Drafts 
Wuart Is the draft loss through a two or three pass 
water tube boiler of the B. and W. type with inclined tubes, 
horizontal drum and vertical baffles? What are the flue 
gas temperatures with this type of boiler? 






s= 


DRAFT LOSS IN INCHES 
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PER CENT RATING 
FIG. 1. CURVES SHOW DRAFT LOSS THROUGH WATER TUBE 
BOILERS AT VARYING LOADS 


Please give the draft loss and flue gas temperatures at 
various loads for the average horizontal return tubular 
boiler of about 150 hp. Jha. P. 

A. Because of great variation in the size and design of 
boilers, the variety of baffle arrangement and the wide 
range in operating conditions, it is impossible to establish 
rules for draft losses which can be of general application 
and it is advisable to obtain specific data from the manu- 
facturers. 

The draft loss will depend upon the rate of combustion, 
also on the velocity of the gases passing through the fur- 
nace which in turn is dependent on the kind of draft, that 

_is, whether it is natural, forced or induced. 

In general it might be stated that with 2-pass horizon- 
tally baffled boilers of the type you mentioned, the pressure 
drop through the boiler is from 55 to 65 per cent of the 
total draft at the stack side of the damper. The draft loss 
with return tubular boilers is from 45 to 55 per cent. 

In Fig. 1 are shown curves for the draft loss through 
water tube boilers with a given fuel and amount of excess 
air. In Fig. 2, Curve A shows the range of flue gas tem- 
peratures found to be the average for several of the better 
known makes of boilers. Curve B was plotted from data 
taken from Marks Mechanical Engineers’ Handbook. 

Above 100 per cent of boiler rating, curve B allows 
somewhat higher temperatures than curve A, for the same 
boiler output. It averages about 25 deg. higher with 35 
deg. as the greatest difference at 250 per cent of rating. 
With modern forced draft stokers or with oil firing, how- 
ever, flue gas temperatures need never exceed the values 
shown in curve A. In many cases of good operation tem- 

peratures fall considerably below. If they are above it is 


POWER PLANT 
ENGINEERING 





February 1, 1926 





high time to look for leaky or faulty baffling or dirty tubes. 

It should be borne in mind that.there is no definite rule 
for determining the exact flue gas temperature which 
should exist with any given percentage of boiler rating or 
excess air. There are so many different makes of boilers 
and different models of the same make. In general, flue 
gas temperature varies somewhat inversely as the draft 
loss through the boiler. As the output of the boiler in- 
creases, the curve of draft loss becomes steeper while the 
curve of temperature shows practically a straight-line in- 
crease up to 150 per cent rating after which the increment 
gradually becomes less. As shown in curve A, between 150 
and 200 per cent rating the increment is 55 deg.; between 
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200 and 250 per cent rating the increment has dropped to 
46 deg., while between 250 and 300 per cent it is only 39 
deg. 

Boilers of the Stirling or V-type generally have 0.10- 
0.15 in. less draft loss through the boiler than boilers of 
the B. and W. type. 

For general all-around working conditions, temper- 
atures as shown in Fig. 2, curve A may be applied to any 
and all makes of water-tube boilers having two or three 
passes. 

In the same manner that no definite statements can 
be given for draft losses, neither can they be for flue gas 
temperatures with horizontal return tubular boilers, since 
there is likely to be more variation in combustion con- 
ditions with hand fired than with stoker fired boilers. 

In general, with about 50 per cent excess air, the fol- 
lowing temperatures at various per cents of rating may be 
found with horizontal return tubular boilers: 


Rating Temperature 
100 500 
150 575 
200 645 
250 700 
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Relative Volume of Water, Steam 
and Ice 


IF a PINT of water is turned into steam what volume 
will it occupy; also what will be its volume if changed to 
solid ice? 8. 8. 

A. Water in the liquid state is denser than either of 
its other forms—steam or ice. 

The volume or cubical space which steam occupies de- 
pends on the pressure. A pint of water weighs approxi- 
mately 1 1b. and fills a space of 28.88 cu. in. or about 0.017 
cu. ft. When this water is turned into steam and confined 
in a tank at atmospheric pressure, it will occupy a space 
of 26.8 cu. ft. or the tank holding the steam would have 
to be 1575 times as large as the pint measure holding the 
water. If this tank were of cylindrical shape, say, 3 ft. 
in diameter it would need to be about 3 ft. 91% in. high. 
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If a pint of water were turned into steam and put 
into a tank at 100 lb. gage pressure the tank would be 
much smaller and would need to have a capacity of only 
3.88 cu. ft. which would be the volume of a tank 2 ft. in 
diameter and about 14 in. high. The steam would expand 
228 times its original volume. In the accompanying illus- 
tration the relative size of a pint of water is compared with 
the size of a container necessary to hold the steam pro- 
duced from this water at atmospheric pressure and at 
100 Ib. pressure. 

If a pint of water is frozen into solid ice at 32 deg. 
it will expand although not nearly as much as when 
changed from liquid to vapor, the volume changing from 
28.88 cu. in. to 30.07 cu. in. The ratio of expansion is 1 
to 1.086. 


Capacity of an Ice Machine 

Puease tell how to figure the ice making capacity of a 
single compressor, 19 in. by 19 in. The head pressure is 
180 lb. gage, the back pressure is 20 lb. gage, and the com- 
pressor runs at 160 r.p.m. 

What is the length of time necessary to freeze a given 
quantity of ice? J. E. B. 

A. We will assume that your ice machine uses am- 
monia as a refrigerant, although no particular fluid was 
stated. The capacity of an ammonia refrigerating machine 
depends on the number of pounds of ammonia handled per 
minute and the pressures between which the compressor 
operates. The higher the back pressure, the greater will 
be the weight taken in for a given size of cylinder, and 
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the lower the head pressure the less will be the heat which 
must be extracted in the condenser. The calculation of 
compressor capacity, therefore, resolves itself into two 
parts ; first, determining the refrigerating effect of.a pound 
of ammonia working between the head and back pressures ; 
second, determining the number of pounds of ammonia 
that the compressor can handle. 

For. the first, r== h, — (t—t,) 8; 

Where, r = refrigerating value of 1 lb. of ammonia, B.t.u. ; 

s is the specific heat for ammonia, taken as 1.0; 

t is the temperature at head pressure for saturated 
ammonia ; 

t, and h, are the temperature and heat of vaporiza- 
tion respectively at the back pressure, for 
saturated ammonia. 

Values used are taken from a table of Properties of 
Saturated Ammonia, having given the head and back pres- 
sures. At 180 lb. pressure, the temperature is 94.3 deg. F. 
With a back pressure of 20 lb., the temperature is 6.5 deg. 
and the heat of vaporization is 567 B.t.u. The value of r 
therefore works out to 479.2 B.t.u. absorbed per-pound of 
ammonia handled. To get the refrigeration capacity of the 
compressor, we multiply the cubic foot capacity of piston 
displacement per minute by the refrigerating value of 1 |b. 
of ammonia, as already calculated, divided by 200 times the 
specific volume at back pressure. From the ammonia tables 
we find the specific volume at 20 lb. is 7.93 cu. ft. per lb. 
The area of a 19-in. cylinder is 283.53 sq. in. and the 
volume with a 19-in. stroke is 283.53 times 19, or 5387 cu. 
in. 5887 divided by 1728 equals 3.12 cu. ft. 3.12 times 160 
(r.p.m.) equals 499.2 cu. ft. per min. capacity. 

The number of tons refrigerating capacity of the ma- 
chine per hour may be found by the following formula: 

CXr 
T =———— 
V X 200 
Where, T equals tons refrigeration capacity of machine 
per hour; 

C equals cubic feet piston displacement per min- 

ute ; 

r equals refrigerating value 1 lb. of ammonia B.t.u. 

V equals specific volume cu. ft. per lb. at back 

pressure. 
499.2 &K 479.2 





In this case T= = 150 t. capacity. 


7.93 X 200 
Forty-eight to sixty hours are usually required to freeze 
a 20-lb. block, depending on the speed of brine circulation. 


Sharp Points at Top of Admission Line 

In THE Dec. 15 issue, p. 1286, the indicator cards by 
Tom Jones show late admission but are quite acceptable. 
The points A-A at the top of the admission line may be 
caused by several things. Probably he has considerable lap 
on the steam valves, which are moving quite fast when 
admission takes place and the sudden rush of steam causes 
the spring and the pencil motion on his indicator to jump 
slightly. As he has a high piston speed (750 ft. per min.), 
he might advance the eccentric and lengthen the dashpot 
rods a little and I think he will get a perfect card. 

Another cause of the sharp points might be that the 
steam pipe is not large enough, thus causing the steam 
line to drop slightly. 


Leominster, Mass. A. O. GaTEs. 
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Changing Conceptions in Electricity 


In a paper delivered before an assemblage of engineers 
in Chicago recently, Dr. Joseph Slepian outlined a new 
theory of power flow in electric circuits. This theory 
which is discussed more fully elsewhere in this issue, 
reveals the fact that in electrical apparatus, the power 
flows, not in the copper conductors as is generally supposed 
but in the space surrounding the conductors. While not 
strictly new, for it has been used for many years in radio 
work, this idea is somewhat startling and upon first thought 
may seem to conflict with the accepted theories. As Dr. 
Slepian pointed out, however, this conception when applied 
to an interpretation of phenomena in electric circuits is, 
in many ways, superior to the accepted theory that the 
power flows through the wires. 

Now, it may seem strange that after 40 yr. or more 
of practice in electrical engineering, during which time 
the industry has grown from nothing to the greatest force 
civilization has ever known, we should find it convenient 
to change our conception of such a common phenomenon 
as power flow. Yet, to one who has studied the advances 
in electrical engineering during the past few years, it is 
not strange; it is, rather, to be expected. 

During the past quarter of a century we have been 
forced to change our ideas of many things, not only in 
the realm of electrical science but in all the sciences. Some 
of our most cherished notions have been shattered by the 
revelations of modern physics and, in the electrical field, 
new discoveries have followed each other in such rapid 
succession that the electrical engineer of a few years ago, 
who has not kept up with modern developments, is severely 
handicapped. He is at a loss to know what it is all about. 


Twenty years ago the electron was a dream—an in- 
teresting hypothesis; nothing to be taken seriously in 
working out problems in practical electrical engineering. 
Today, all this changed. We have not only proved the 
existence of the electron beyond any question of doubt but 
we have weighed it and have measured its electric charge 
with an accuracy far greater than that with which our 
grocer weighs out a pound of sugar. The electrons are 
known to be the ultimate building stones of the universe. 
There are only two material things in the universe— 
positive and negative electrons. 

Since the activities of these electrons are at the base 
of all physical, chemical and life phenomena and since, 
in electrical engineering we are dealing directly with their 
properties, it is natural that the study of electricity should 
begin with the electron. Up to the present time, textbooks 
on electrical engineering have started in the middle and 
have given the electron little or no consideration. The 
textbook of the future will start out with a study of the 
electron and then by a series of logical steps will proceed 
to explain all electrical phenomena in terms of this funda- 
mental unit. In that particular branch of electrical en- 


gineering concerned with “radio” phenomena this method 
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of treatment has been used, to a certain extent, with 
considerable success. 

With so remarkable an underlying unit, it is to be 
expected that many of our existing theories would prove 
incorrect. Take, for example, the flow of current in an 
electric circuit.. In the usual or conventional sense, its 
direction is from the positive pole of the battery or 


generator to the negative. A study of vacuum tube 
phenomena, however, shows that the electrons which con- 
stitute the electric current, flow in just the reverse direc- 
tion, that is, from negative to positive. Yet, for over 40 
yr. we have been preaching and practicing the opposite! 

So much for the electron. From another angle the 
correctness of some of the postulates in classical electro- 
magnetic theory is being challenged. In the Maxwellian 


‘theory, the closed circuit is regarded as the fundamental 


electric circuit. It has been pointed out that a too rigid 
adherence to this closed circuit theory is not only mislead- 
ing in many ways but sometimes leads us away from useful 
facts and relations. The proposal has been made, therefore, 
to consider the open circuit, that is, a unit length of a 
single straight conductor, as the fundamental circuit and 
the closed circuit of the Maxwell theory, a special case of 
the open circuit. This proposal has been the subject of 
much discussion and has met with considerable opposition. 
Regardless of many arguments to the contrary, the pro- 
posed theory has many points in its favor and has been 
particularly successful in explaining the “pinch” and 
“stretch” effect in electric furnace work. 

This state of affairs in electrical science need cause 
no uneasiness. A theory or hypothesis is useful just as 
long as it serves a purpose; beyond that it is a hindrance. 
We are advancing. During the past 25 yr. we have learned 
more about the universe in which we live than-we did 
in all the countless ages preceding. It is only natural, 
then, that some of our old theories should go by the board 
and new ones, or at least modifications of the old ones, 
be substituted. 


Keeping Fit 

How often do we hear the complaint “Oh, if we could 
only get the company to scrap this old plant and build a 
new one with modern equipment, we could really show some 
results.” Who is it that does not prefer to work with new 
equipment? Used equipment is always looked upon with 
disfavor and few engineers would recommend its installa- 
tion in a plant of which they are to have charge. 

So rapid are the changes in power plant equipment, 
however, that in the regular course of continuous coD- 
struction of a power plant covering a period of 4 or 5 yr. 
the last units installed in the plant are usually quite differ- 
ent from the initial units. The first units are by no means 
obsolete nor worn out but may lack some of the refinements 
incorporated in the later units. So, even new equipment 
does not retain its distinction of the “lastest model” more 
than a year or two at most. 
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What really is required of the engineer in charge is to 
improve plant operation by the application, so far as pos- 
sible, of principles used in the latest equipment. Auto- 
matic control of feed water to the boiler, steam pressure, 
draft and water temperature have become standard prac- 
tice in power plants, yet many are still without these 
refinements which can readily be applied in the oldest 
plants of the country. Some of the more recent develop- 
ments, such as preheating air for combustion, extracting 
steam from turbines for feed water heating, reheating steam 
from high-pressure turbines for use in lower pressure 
units, are not so readily applicable in an old plant but, in 
many cases, a little study will reveal how advantage may 
be taken of even these in some plants by slight modifica- 
tions in arrangements. 

As a rule, practically all the modern improvements, 
with the exception of revolutionary changes in the prin- 
cipal equipment of the plant, are applicable at moderate 
expense in plants that are not completely obsolete or worn 
out. Power plant instruments of every description are 
applicable in old as well as new plants; modern furnaces 
and stokers can be built to serve old boilers; to change 
from steam to motor drive for auxiliaries is a matter of 
development which does not offer great difficulties; sub- 
stituting mechanical handling of coal and ashes for the 
manual method is being done every day. We have only to 
visit some of the well-known old power plants of the 
country and observe the equipment there to realize that 
these plants have developed with the changing practices 
of the times and their records will show the results ob- 
tained are not far behind the newest plants. Keeping a 
plant in the running with the most modern is an engineer- 
ing problem which rightly belongs to the engineer in 
charge of operation. 


Hydraulic Engineers May Have to 
Study Astronomy 


For some time we have been interested in the various 
reports about the weather that have appeared in the news- 
papers and general magazines, particularly as they apply 
to the rainfall conditions in various parts of the earth. 
Our interest was first aroused when we found in the 1925 


report of the Hydraulic Power Committee of the N. E. L. 


A., issued last June, a discussion of methods used by 
hydrologists in analyzing and forecasting rainfall and of 
the bearing of such analyses on the water supply and 
consequently on the very basis of hydro-electric plant de- 
sign and operation. 

Reports of drought in some sections of the South and 
in some of the Northern States came in during the summer 
of 1925. Reports from the hydrographic office of the U. S. 
Navy indicate that the Humboldt current and the Japan 
current have changed their courses slightly, thus causing 
rain to fall in districts fromerly arid. Recently reports of 
severe rainfalls in Europe, especially in France, earthquake 
disturbances in the Middle West and along the Atlantic 
seaboard were noted. Several weeks ago another eruption 
of Mt. Vesuvius occurred. 

When we turn to the Hydraulic Power Committee re- 
port, referred to above, we find some significant statements 
in regard to just such phenomena. One statement, made 
early in 1925 and credited to H. J. Browne, the hydrol- 
ogist, was that the year 1925 would be a severe one 
throughout the world and that 1926-1927 might witness 
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another year without a summer such as occurred in 1816. 
Mr. Browne ascribes these conditions to decreases in the 
sun’s radiation caused by various solar disturbances, since 
all weather comes primarily from the translation into heat 
of that extremely small fraction of the Sun’s radiation 
that impinges upon and penetrates the earth’s atmosphere. 
A drop in solar radiation has occurred during the past 
few years and its effects are definitely measurable in the 
decreasing ocean temperatures. “One further element 
alone,” said Mr. Browne, “is required to reproduce the 
weather of 1816; a violent volcanic eruption or a series of 
lesser ones but sufficient to throw into the upper air a huge 
volume of volcanic dust, to reduce the earth’s average 
temperature to some 10 deg. F.” It is to be remembered 
that these statements were published long before the 
recent heavy rainfalls, floods and volcanic eruptions in 
Europe, referred to above. 

So it is evident, in checking up what was predicted 
with what actually happened, that there are some points of 
agreement and some points of disagreement. It is equally. 
evident from the report that it is possible to forecast rain- 
fall conditions for limited localities and to some extent for 
whole countries. More and more attention is being given 
to the subject and the attention paid to it by the N.E.L.A. 
Hydraulic Power Committee is significant. The fact 
remains that a study of weather conditions is of extreme 
importance to the hydraulic engineer. If it develops that 
these weather conditions are caused by solar disturbances, 
as present evidence seems to indicate, then the hydraulic 
engineer may be forced to become somewhat of an astrono- 
mer, in order to forecast his water supply over long 
periods. 


Fundamental Knowledge Is 
Engineer’s Foundation 


Every now and then we get inquiries from engineers 
regarding books on engineering subjects and also on cor- 
respondence schools of engineering. It is always a pleasure 
to answer letters of this nature. Engineers who are seek- 
ing to better their conditions by broadening their knowl- 
edge can always be helped by reading books, provided they 
can do so understandingly. The same is also true of their 
attempts at learning through a correspondence course. 
Whether a man reads a book of his own selection or one 
supplied by the correspondence school, he must first have 
a knowledge of fundamentals which will enable him to 
understand the points involved. 

Many textbooks on power plant practice and also the 
material offered in correspondence courses fail to empha- 
size the importance of elémentary principles. This is par- 
ticularly true in combustion engineering and thermody- 
namics. There are few private schools of combustion and 
many of the state universities offer extension courses in 
combustion and steam engineering. Power plant engineers 
seeking better positions are urged to avail themselves of 
these opportunities but are cautioned not to blindly rush 
into a course for which they are not prepared. 

Almost every town in the country having a certified 
high school now offers night school courses and it is here 
that a power plant engineer whose earlier years denied 
him a high school education, should begin. No structure, 
physical or mental, can long endure without a solid foun- 
dation. Before attempting to study combustion or steam 
engineering, go to night school and learn the fundamentals 
of chemistry, physics and algebra. 
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Midwest Power Conference 


JAN. 26 To 29. IN THE FURNITURE CLUB 
Rooms, 666 Lake SHORE Drive, CHICAGO 


LANS HAVE GONE steadily forward and the final 

program, as offered by the committee representing the 
various engineering societies, shows a wealth of speakers 
of national reputation as engineers and executives and a 
range of subjects covering the entire field of power en- 
gineering. 

Registration will open Tuesday morning, a nominal 
fee of $1 being charged to cover expenses of arrangement. 
The registration badge admits to all activities of the Con- 
ference except the dinner, also to the Power Show at all 
times during the week. 

For the week, the program of sessions and papers is as 
follows: 

Tuesday afternoon at 2:30. Address by Samuel Insull, 





Thursday afternoon at 2:00 Inspection trips: 1. Bus 
trip to the Crawford Ave. Station by courtesy of the Com- 
monwealth Edison Co. 2. Hawthorne Works of the West- 
ern Electric Co.; by Chicago Ave. surface line and Douglas 
Park branch of the Metropolitan elevated railroad; get 
off at Cicero station. 3. Plant of the Chicago Tribune and 
the Tribune Tower; within walking distance. 4. Under- 
writers Laboratories with tests of foam extinguisher for 
gasoline fires, sprinkler systems and oil burners; in walk- 
ing distance. 

Thursday evening at 7:00 dinner in the rooms of the 
Furniture Club of America, 666 Lake Shore Drive. Toast- 
master, Charles Piez, Chairman of the Board, Link-Belt 
Co. Speakers, J. A. Emery, Vice Pres., Ford, Bacon & 
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LOCATION OF BOOTHS IS SHOWN ON THIS FLOOR PLAN 


“Some Comments on Power Development of the Mississippi 
Valley.” 

Wednesday morning at 10:00, papers by Daniel W. 
Mead on Water Power Resources of the U. 8.; by H. Bir- 
chard Taylor on Changing Viewpoints in Hydraulic Tur- 
bine Practice; by L. F. Harza on Suggestions Regarding 
Hydraulic Plant Operation; and by R. F. Schuchardt on 
Super Power in the North Central States. 

Wednesday afternoon at 2:00, papers by William S. 
Monroe on Electric Power Development in the Chicago 
District; by C. F. Hirshfeld on Present Practice in the 
Burning of Pulverized Fuel; by H. W. Brooks on By- 
Product Processing of Coal; and by Dr. R. E. Hall on 
Boiler Water Conditioning, with Special Reference to High 
Pressure and Corrosion. 

Thursday morning at 10:00, papers by Paul L. Battey 
on Layout and Equipment of Industrial Power Plants; by 
G. B. Warren and J. H. Keenan on Testing Steam Turbine 
Nozzles by the Reaction Method; by G. C. Neff on Exten- 
sion of Power Service to Rural Communities and by J. Paul 
Clayton on Purchased Power for Coal Mines in Illinois. 


Davis, on The Broad Importance of Power Development. 
Gen. Charles Keller of Byllesby Engineering and Manage- 
ment Corp., Supervisor of Power during the World War, 
on Power Development as a Factor in National Prepared- 
ness. Tickets for the dinner $3. Tickets should be pur- 
chased early. 

Friday morning at 10:00 papers by Max Rotter on The 
Diesel Engine in the Industries; by Samuel M. Vauclain 
on The Diesel-Electric Locomotive and Its Future Possi- 
bilities ; by Allen F. Brewer on The Economics of Oil Burn- 
ing; and by H. H. Clark on Gas in Industry. 

Friday afternoon at 2:00, Inspection Trip to the New 
Tractor Plant of the International Harvester Co. by sur- 
face lines. Grand Ave. to Western Ave., then south to 31st 
St. 

Chicago stock yards at any time by South Side Elevated 
to Indiana and transfer to Stock Yards branch. 

Chicago Ave. Pumping Station, admission by badge at 
any time; in walking distance. 

Registration for trips to Crawford, Hawthorne and 
Harvester should be made 24 hr. ahead of starting time. 
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For THE LADIES 

Wednesday noon at 12:30 Luncheon, followed by bridge 
and five hundred at the Edgewater Beach Hotel. Take 
Northwestern Elevated to Edgewater Beach Station. 
Tickets $1. 

Thursday afternoon at 2:30 visit to the Art Institute. 
Meet in the main lobby. Admittance free by asking for 
the Midwest Power Conference Party. After trip through 
the galleries, tea in the Club Room at 4:00. 

Thursday evening. Theater Party to see Mrs. Samuel 
Insull in The School for Scandal, La Salle St. Theater. 
Tickets on sale at the registration beoth up to Wednesday 
evening. 

Friday morning at 11:00, trip through Marshall Fields. 
Assemble at the Information Bureau, 3rd floor. 

Tickets and registration should be secured as early as 
possible. For Edgewater Beach by Tuesday evening; for 
the Art Institute by Wednesday noon; for the Theater by 
Wednesday evening; for Fields by Thursday afternoon at 
latest. 

The opportunities for study, acquaintance and enjoy- 
ment at the Conference and the Power Show will be worth 
any effort necessary to attend. 


Power Plants Need Modern 
Equipment 


In THE CHICAGO PowER SHow WILL BE Founp 
A COMPREHENSIVE Display or SucH EQuIPMENT 


Herewith is presented the arrangement of the exhibits 
at the Midwestern Engineering and Power Exposition. In 
itself, the directory proves that the best of equipment and 
methods for power plants will be demonstrated and plenty 
of time should be taken to give careful study to the dis- 
plays in the various booths. 

The section to the left of the main entrance is known 
as Hall A and contains booths 1 to 69; to the right is Hall 
B with booths 101 to 122; in the center of the Huron St. 
side is Hall C with booths 201 to 278; beyond this is Hall 
D with booths 301 to 364; and beyond the elevators is Hall 
E containing booths 401 to 454. 

Opening of the show will be at noon on Tuesday, Jan. 
26, in the main entrance lobby, with short addresses by 
prominent civic officials and engineers, followed by an in- 
spection trip to exhibits. 

The exhibit hall will be open daily from noon to 10:30 


‘p. m., Jan. 26 to 30 and can be reached by Chicago Ave. 


cars which pass the door, by the Grand Ave. line 3 blocks 
south or by Michigan Ave. motor busses 4 blocks west. 

The detail directory of exhibits by booths and firms 
follows : 


EXHIBITS AT THE MIDWESTERN ENGINEERING AND POWER 
EXPOSITION 
Am. Soc. MEcH. Enars. 55 
AERO PULVERIZER Co. Unit pulverizer system and action 
of paddles, trash separator, and details of con- 
struction. 
Representatives : 
Baird. 
AtiR PREHEATER CoRPN. Ljungstrom air preheater, 
Howden compressors and forced draft equipment. 
Patent furnace fronts. 218 
Representative: C. A. Jacobson. 


402-3 
W. W. Clinedinst and H. B. 


ALBERGER HEATER Co. Howard guided expansion joints. 
Alberger-Buffalo, copper-tube heaters. 220 
E. A. Hahl. 


Representative: 


ALEXANDER BROTHERS. Running exhibit of Tentacular 
suction belt driving generator to demonstrate effect- 
iveness and steadiness. Samples of belt to show 
special construction. 

Representatives : 
and J. L. de Rabot. 

ALLEN-SHERMAN-Horr Co. MHydrojet system of ash 
handling with intermittent, high-velocity streams, ash 
gates, cast-iron bunkers and tile-lined hoppers.” 
Operating model showing action of system. 

Representatives: F. B. Allen, J. Stokoe and H. 
R. N. Johnson. 

ALLIS-CHALMERS Co. Steam and hydraulic turbines, 
steam and gas engines, electrical machinery, trans- 
mission equipments, special equipment and machinery 
for mining, metallurgical, cement and crushing plants, 
saw and flour mills. 

AMERICAN ARCH Co. 
furnaces. 

Representatives: H. A. Mannshardt, J. A. Lod- 
wick and F. D. Hazen. 

AMERICAN ASPHALT Paint Co. Moving pictures of 
asphalt mining and manufacture of asphalt paint 
with descriptive talk and explanation of the pic- 
tures. 

Representatives: Gordon White, H. R. Harwood, 
J. H. Heist and J. F. Junk. 

AMERICAN District Steam Co. Expansion joints, duplex 
sleeve, for high-pressure packless diaphragm, guided 
and anchor and service types for standard pressures. 
Underground steam and return line construction, 
steam flow and condensation meters, traps, water 
heaters, heating specialties and wood casing for 
underground lines. 

Representatives: W. A. Schulmeister and ©. R. 
Frantz. 

AMERICAN ELEctRic Motors, Inc. Electric motors and 
equipment. 

AMERICAN PULVERIZER Co. Ring coal crusher for re- 
ducing run-of-mine coal to stoker and pulverizer 
sizes. 

Representative: Paul S. Knittel. 

AMERICAN STEAM Pump Co. American Marsh Centrif- 
ugal and reciprocating feed-water, service, air and 
condensate pumps, jet condensers and hydraulic pres- 


sure pumps. 
Representative: E. H. Davis. 


ANDALE ENGINEERING Co. Duplex oil and water strainers 
and sectioned models. 

Representatives: D. Raymond McNeal, James T. 
Gordon and 8S. Wolff. 

ANDREWS-BRADSHAW Co. -Tracyfier (steam purifier) in 
a complete full-size working model showing operation 
to remove fog, mist and other forms of boiler water 
from steam. 

Representatives: Grant D. Bradshaw, O. R. Me 
Bride, G. M. Kirkpatrick and J. Lucien Jones, 
ARMSTRONG MACHINE Works. Various sizes of steam 
traps, sectioned models to show construction, glass 
model trap in operation under steam to demonstrate 

effectiveness of action. 
Representatives: L. D. Goff, O. E. Ulrich, Mr. 
White, Mr. Olson, Mr. Sprenkle and Mr. Kemp. 


ATLANTIC METAL HosE Co. 


Atwoop & Morritt Co. Heavy duty valves and construc- 
tion for high temperatures and pressures and for 
bleeder heating. Damper regulation. 

Representative: ©. P. Atwood, Treas. 

AvuToMaTic Primer Co. Apco primer for centrifugal 
pumps. 

Bascock & Witcox Co. 

BatLey METER Co. Meter control equipment for auto- 
matic boiler operation, running to show the method 
of control. Bailey furnace wall for low maintenance 
cost and high ratings. Pulverized coal feeder and 
meter to give uniform rate of feeding from bin to 
burner. 

Representatives: E. G. Bailey, Pres., R. S. Coffin, 
Vice Pres., W. E. East, F. C. Brandt, M. Greenberg, 
L. W. Heller, R. Shellenberger, R. V. Knapp and W. 
J. Reeder. - 

Barco Mre. Co. Lubricated plug valves, flexible ball 
joints and Argyle-Titan electric drills. 

Representatives: CC. L. Mellor, Vice Pres., J. T. 
Ross, C. O. Jenista and F. N. Bard. 


H. G. Watson, R. R. Liggett 
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Barretr-CHRISTIE Co. Steam traps, water heaters, shov- 
els and scoops, bearing metal, packings and gage glas- 
ses. 

Representatives: Harry Barrett, Pres., J. G. 
Christie, Secy. & Treas., Mr. White, Mr. Olson and 
Mr. Sprenkle. 

BarTLett-Haywarp Co. Fast all-metal, flexible, posi- 
tively-lubricated shaft couplings, and photographs 
of special installations. 

Representatives: Gustave Fast, Hugh Benet, H. 
W. Calder and S. Wolff. 


THE Bayer Co. Mechanical soot blowers, details of con- 
struction and control. 
Representatives: C. P. Kelly, Ernest E. Lee, J. L. 
Higgins and F. E. Oswald. 


R. H. Beaumont Co. Beaumont Mre. Co. Model in 
operation of centralized coal handling system for 
boiler house. Cable drag scraper system for storing 
and reclaiming coal. Copper steel ash hopper and 
both small and power-operated ash gates. 

Representatives: R. H. Beaumont, Pres., H. V. 
Schiefer and J. A. Beck. 


BETHLEHEM SHIPBUILDING CorPN., Lrp. Oil-burning 
system, air compressors, direct and turbine-driven 
pumps, feed heaters, evaporators and deaeration sys- 
tem. 

Representatives: G. A. Worn, Sales Dept., New 
York Office: Roy Ewertz, Cleveland Office, Irwin D. 
Groak, Sales Representative in charge of Chicago Of- 
fice, and three or four assistants. 


BetuLenreM Steet Co, Full size pulverizing plant for 

coal and other minerals. Diesel engines 

Representatives: G, W. Struble, in charge of Ma- 
chinery, Ordnance and Power Sales; J. P. Madden, 
Machinery Sales Engineer; W.- F. Price, Machinery 
Sales. In charge of both exhibits, George A. Richard- 
son, Manager, Technical Publicity Dept. 

Boston GEAR WorkKS Sates Co. Speed-reduction units. 
Silent chain drives. Special gears. 

Representatives: H. H. Kerr, H. G. Woodsum, M. 
T. Schumb and H. Muller. 

BorrieLp REFRACTORIES Co. Special forms of fire brick 
construction, including air-set arch. Applications of 
Adamant high-temperature fire-brick cement. 

Representatives: H. F. Kreig, Axel H. Engstrom, 
L. B. Botfield and W. B. Smith. 


Boytston STEAM SpeciALty Co. Steam traps, regulat- 
ing and back-pressure valves, tank valves, temperature 
controllers, strainers and other steam specialties. 

Representatives: John Boylston, Harry J. Richter 
and John P. Kieley. 

Bristo. Co. Indicating and recording gages, 
mometers, pyrometers and water level gages. 

Representatives: L. G. Bean, H. A. Graf, S. W. 
Case and H. W. Moss. 


ther- 


Brown InstruMeNt Co. Electric Coz: meter and flue- 
gas pyrometer, recording, indicating and _ portable 
pyrometers, indicating and recording long-distance 
thermometers, electric tachometers, liquid level re- 
corder, vacuum, draft and pressure gages. 

Representatives: M. M. Watkins, C. L. Saunders, 
R. W. Conwell, John R. Green, O. P. Kossatz and 
FE. Robinson. 


BRUNSWICK-KROESCHELL Co, Ice machines, boiler con- 
struction and details and photographs of plants and 
factories for building boilers and_ refrigerating 
machinery. 

Representatives: R. O. Butz, Vice Pres., A. H. 
Goelz, O. A. Rochlitz, J. Corydon, Fred Lautenschla- 
ger, Carl Kroeschell, H. A. Stade, H. V. Hess, Robert 
A. Kroeschell, Secy., William B. Rorison, Paul 
Kroeschell and W. G. Cobb. 


BurraLto Force Co. Ventilating and special induced 
draft fans, boiler feed pumps, Breezo-Fin heaters 
and Carrier air washer. 

Representatives: OC. C. Cheyney, L. D, Emmert 
and O, S. Ryan. 


Burtpers Iron Founpry. Venturi meters, venturi tubes, 
type M register-indicator-recorder in operation, in- 
dicator-recorder, manometer and venturi nozzle for 
-steam. 

Representatives: 


W. D. Hess and G. H. Jewell. 


338 


341-44 
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104 
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BURKE ENGINEERING Co. Traveling-grate stoker, fuel- 
saving, smoke preventative furnace and U. S. rocking 
grate. 

Representatives: E. W. Ritter, Pres., Walter T. 
Ritter, Treas., J. B. Grigg, S. L. Arson and R. M. 
Leddick. 

Carrk FASTENER Co. Dot system of pressure lubrication 
with fittings, hand guns, hand and power operated 
compressors and tanks. 

Representatives: P. K. Niven, C. Towner, A. W. 
Smith, A. H. Taylor, R. GC. Smith and Fred Jones. 
CARRICK ENGINEERING Co. Master-control system of 
furnace regulation demonstrated by glass inclosed 

working model. 

Representatives: G. S. Carrick, John H. Holl- 
meyer, J. W. Murphy, J. F. Volbrecht, Joseph E. 
Walsh, J. J. Neville, R. Knotek, P. Armstrong, John 
Erwood. 

CaAsEY-HEDGES Co. 
struction, systems of setting and baffling, 
tubular and steel cased boilers. 

Representatives: I. H. McGowan and W. A, Day. 

A. W. Casn'Co. Craig system of automatic combination 
control with master controller for draft fans, stoker 
engines and stack dampers and individual control of 
blast dampers in wind boxes. Pressure regulating 
and reducing valves, relief valves, pump governors. 

Xepresentatives: V. A. 


Water-tube boilers, details of con- 
return 


Court. 
CENTRIFIX CorPN. Steam purifying system. 
Representatives: C. G. Hawley, L. C. Kerney, E. 


O. Mueller, O. P. Warner and K. H. Talbot. 

CHAPMAN VALVE Mrc. Co. Chrome nickel steel fittings 
and valves for high pressures. Remote control sys- 
tem with visible signals for open, closed and being 
operated conditions. 

tepresentatives : 
Frank Boch, C. J. Burrage, V. 
C. Gilbert. 

Cuicaco CuemicaAL Co. K. W. S. system of water 
treatment in connection with softening plants or 
within the boiler. 

Representatives: H. A. Kern, J. A. Holmes, D. 
L. Donnelly, A. R. Moberg, A. E. Warner. 

CraRAGE FAN Co. High-speed blower for forced draft 
with ball bearings on outside supports. Housing 
split and removable in sections. Vertical fan-drive 
engine. 

Representatives : 
and A. H. Colbert. 

CLEVELAND WorM & GEAR Co. Speed-reducing units of 
worm gear type with motor drive. 

Representatives: S. Wolff and E. G. Johnson. 

CoKAL STOKER CorPN. Stoker with 44-hp. motor drive. 

Representatives: George A. Kohout, D. A. Camp- 
bell and T. W. Lietz. 

COMBUSTION ENGINEERING CorPN. . Lopulco pulverized 
fuel burning system, mill, feeder, burners and furnace 
construction; air heater elements; details of various 
types of stokers. 


F. S. Kiley, J. T. Mulgrew, 
T. Malcolm and E. 


C. R. McConner, J. E. Anderson 
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Representatives: T. A. Marsh, W. R. Wood, R. B. 


Wallace, T. A. Adams and H. S. McCotter. 
CoMBUSTION PUBLISHING CorP. 


CoMMONWEALTH-EDISON Co. and allied interests. Equip- 
ment installations and services rendered to com- 
munities in the Chicago and outlying districts. 


ConneRY & Co. Stiffener construction for breechings, 
uptakes and ducts. Air-cooled dampers. 
packed cleanout doors. 

Representatives: W. M. Connery, Pres., E. C. 
Aucott, Secy., A. D. Stewart, A. H. C. Dalley and 
C. B. Nicholson. 

CONTINENTAL VALVE & EQUIPMENT Co. Forged steel 
fittings, reducing valves and pump governors. 

Corpus ENGINEERING CorPN. Steam turbine and motor- 
driven blowers, turbo boiler feed pumps and steam 
turbines. 

Representatives: 
zim. 

Crane Co. Typical piping connection for 400-lb. boiler. 
Steel valves and fittings, high-pressure pipe joints, 
relief and safety valves. 

Representatives: M. W. Link, G. E. Barker, M. 
Boxter, Jr. and W. F. Lahl. 


Harry Himelblau and A. Aga- 
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CurTis & Curtis Co. Self céntering pipe cutting and 
threading machines. Pipe dies and tools. 

CUTLER-HAMMER Mre. Co. Large Dean valve control 
unit operating valve by remote control form several 
interlocking stations. Across-the-line automatic a. c. 
motor starter in operation with brake on motor to 
show speed and load at which current is thrown off. 

Representatives: J. E. Middlekauff, F. J. Burd, 
K. O. Swanson, A. R. Johnson, G. M. Arnold and 
E. A. Rose. 

Currer ELEcTRICAL & Mre. Co. U-Re-Lite protective 
enclosed switches and I T E circuit breakers. 

Representatives: E. Swift Newton, O. M. Bercaw, 
Isaac S. Allen, James T. Colwell and Edward Wheeler. 

’ G. M. Davis Reeutator Co. Special valves for pressure 
control, steam traps, float and balanced valves, stop 
cocks. Illuminated sectioned models to show features 
of design and construction. 

Representatives: George C. Davis, Pres.; J. C. 
Kinsley, Sec’y.; George Hachmeister and Charles 
Swanson. 

De LavaL SEPARATOR Co. Oil purifiers for all kinds of 
lubricating, insulating and fuel oils. 

Representatives: H. GC. Heckman, G. L. Cherry, 
N. E. Larsen, H. M. Beach, A. R. Rose and C. B. 
Schmidt. 

DetTta Stark Evectric Co. Unit type standardized sub- 
stations and switching equipment. 

Representatives:- A. Alsaker, E. J. Thompson, 
G. F. Maddox, W. H. Boyce, and R. E. Anderson. 


M. H. Derrick Co. Suspended arch construction and .- 


sectional side wall construction by models. Photo- 

graphs of installation for various conditions. 

Representatives: L. H. Hosbein, R. C. Warner, 
P. F. Hegertvy, Tom Vaughn, L. Ryan, F. I. Sheahan 
and C. F. Pollen. 

DetTROIT STOKER Co. 

D1iAMOND Power SPECIALTY Corp’N. Complete electri- 
cally-operated automatic soot blower system with 
remote control, by a master controller, of main line 
valve, drain valve and operating heads. Calorized 
metal elements and Dialoy elements for especially 
hot locations. 

Representatives: Willis P. Thomas, Sec’y.; Ivan 
S. Forde, E. K. Uebe, G. L. Davis, and Robert June. 

Dines MaGnNetic SEPARATOR Co. 

JosEPH Dixon CrucisLe Co. Ticonderoga flake and other 
special graphites, graphite greases, spring oil and 
rust solvent, silica-graphite and aluminum-graphite 
paints, red lead-graphite primer. 

Representatives: E. C. Bleam, J. M. Willitts 
P. H. Griffin and.G. K. Smith. 


DopcE Mre. Corp’N. Power transmission equipment 
equipped with Timken tapered roller bearings. 
Representatives: A. P. Strong, H. P. Robbins, 
C. H. Upson, and W. W. Dodge. 


DRAKE NON-CLINKERING FURNACE Biock Co. Block con- 
struction for furnace linings and bridge walls. 


Duncan Etectric Mrs. Co. 

C. A. DunHam Co. Specialties for heating systems; 
traps, pump governors, oil separators and damper 
control. Young vacuum and boiler feed pump. 

Representatives: Christian A. Thinn, Clare M. 
Brigham, Bruce H. Jarvis, Macy S. Good, and Leslie 
W. Millar. 


Epwarp VaLve & Mra. Co. Sectionalized fittings and 
valves, specially designed for severe high tempera- 
ture and pressure conditions. 

Representatives: W. W. Crawford, Pres.; J. C. 
McDonald and H. E. Hallowell. 


Enger MaGnesta Mra. Co. 85-per cent magnesia and 
special high temperature insulation in sectional and 
block form. 

7 Representatives: Lawrence L. Shailer and H. G. 
ill. 

Ettiorr Co. Steam turbine, deaerator, ejectors, non- 

return valves, strainers, separators, tube cleansers. 

Representatives: H. A. Pastre, W. E. Widan, D. 
H. Jackson, T. C. Fleming, F. C. Angle, C. F. Harms, 
and E. L. Davis. 

Ere Crry Iron Works. Unit coal pulverizing and feed- 
ing unit in operation as applied to moderate size 
boiler plants. 
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Representatives: C. B. Acheson, C. T. Carlson, 


and W. W. Pettibone. 
ESTERLINE-ANGUS Co. 


EVERLASTING VALVE Co. Everlasting and Hotplug 

valves. Looseat gate valves. Tandem X Blowoff valves. 

Representatives: Charles Heggie, press.: Geo. 

Mason, Vice-Pres.; John Patterson, Ray Siewert, and 
G. M. Elton, Jr. 


FAIRBANKS, Morse & Co. Pumps, motors, Diesel engine; 
special ball bearing types and details. 


Representatives: C. W. House, Earl Chambers, 
R. V. Cook, Geo. Adkins, A. T. Sjoblom, N. E. 
Granger, R. M. Kinney, and W. V. Bond. 


FISHER GOVERNOR Co. Pump governors, pressure re- 
ducing and regulating valves, lever and float valves. 
Steam traps. Liquid level controller with provision 
for remote operation. 

Representatives: Jacob Eige, Vice-Pres., and L, W. 
Browne, Vice-Pres. 

Foster-Botton Co. Wing turbine-driven, undergrate 
blowers, ventilating fans and exhausters. 8S. C. feed- 
water regulating system, Featherweight unit heaters 
for factories, high-pressure receiver drainage control. 
Navy type governor for steam turbine and type O 
governor for turbine-driven accessories. 

Representatives: C. W. Foster and EF. H. 


l'OSTER ENGINEERING Co. Non-return and pressure reg- 
ulating valves for high pressures and temperatures. 
Spring-follower flexible joint. 
Representatives: George H. 
Maleson. 


Bauer and M. 8. 


FOUNDATION Co. 


Foxporo Co., Inc. Indicating and recording pressure 
gages and thermometers, temperature, pressure and 
humidity controllers, clocks and special bearing-oil 
thermometers. 

Representatives: C. L. Nowland, W. R. 
J. J. Burnett and R. L. Stewart. 


FREEMAN. Mre. Co. 
horizontal tubular 
work. 

Representatives: R. S. Redfield, Chas. Freeman, 
Harold Freeman, James 8. Clay and Frank H. Guy. 


FULLER-LEHIGH Co. Pulverized fuel equipment including 
dryer, pulverizer, conveying system, feeders and 
burners for standard and for unit systems. Well- 
type furnace. 


teitz, 


internally-fired, 
plate 


Water-tube and 
boilers, stack tank and 


Representatives: H. G. Barnhurst, L. W. Marso, 
R. C. Acers, E. A. Acers, P. A. Poppenhusen, H. D. 
Lehr, R. A. Hawk, and A. E. Douglass. 


FURNACE ENGINEERING Co. Simplex unit pulverizer, air 
separator and fan. 

GENERAL ELECTRIC Co. Flow meters in operation, brush- 
shifting motors, air-cooling system for turbine gen- 
erators, motor-control equipment. 


Xepresentative: C. T. McLoughlin. 

GRAVER CORPORATION. Working model of water softener 
and large colored drawings of apparatus and installa- 
tions. 

Representatives: J. J. Felsecker, W. M. Gross, E. 
S. Thayer, and J. C. Winslow. 

HAGAN CoRPORATION. Combustion control, regulation for 
stokers, fans and draft demonstrated; steam purifi- 
cation system, in operation; system for scale preven- 
tion in boilers. 

Representatives: J. M. Hopwood, Pres.; T. A. 
Peebles, Dr. R..E. Hall, R. R. Donaldson, Jr., Albert 
G. Burke, Jr., W. E. Rolston, and R. E. Busch. 

HARBISON-WALKER REFRACTORIES Co. Refractory brick, 

blocks and cements for furnace lining. 
Representatives: W. H. Hill, H. L. Smalley, and 
D. C. MeMahen. 

Jos. W. Hays Corp. 

HEINE Borer Co. Seamless forged steel headers as used 
in Heine type S boilers. Photographs of installations 

‘of all types of boilers in midwestern plants. Per- 
formance data on boilers. 

Representatives: H. A. Telander, W. Springe, R. 
J..Robinson, J. R. Fortune, and W. Siegerist. 


Bolton. 
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HIMELBLAU, AGAzIM & Co. Power plant and industrial 
equipment, pyrometers, thermometers, regulators, 
blowers, steam separators, cork packing, traps, 
heaters and coolers. 

Representatives: Harry Himelblau, T. Agazim, 
R. A. Wolf and F. J. Murray. 
. A. Horrt Co. National flat suspended arch and hand- 
operated stoker in 150-hp. boiler setting. 
Representatives: M. A. Hofft, Harlan W. Bird, 
and N. T. Puckett. 

Hoosick ENGINEERING Co. Organization and equipment 
for erecting transmission lines and substations. 

Representatives: T. N. Wynne, Pres.; F. H. Miller, 
Vice-Pres.; W. O. Lee, Sec’y, C. B. Semple, and Miss 
M. I. Johnson. 

C. W. Hunt Co. Coal and ash handling bucket con- 
veyors, coal crackers, industrial railway equipment, 
skip hoists and weighing larries. 

Representatives: B. F. Feery and P. S. Moore. 

Hyatt Rotter Bearine Co. Anti-friction’ bearings for 
use on transmission equipment and on power and 
industrial machinery. 

Representatives: F. 8. Cole, H. M. Carroll, W. W. 
Fullager, C. L. Newby, W. F. Stone, and H. A. Devine. 

HypRAvLic Press Mre. Co. Drop forged steel fittings 

and valves for high pressure and temperature. 
Representative: M. F. Armour. 

Ing ELrectric VENTILATING Co. Electric unit heaters, 
power roof ventilators, self-cooled motor propeller 
fan and variable speed, 3-phase alternating current 
motor. 

Representatives: J. M. Frank, G. C. Breidert, B. 
L. Casey, and J. W. Worsdell. 

ILLINOIS ENGINEERING Co. Vapor heating system in 
action, glass-model steam trap in operation, radiator 
traps, pressure reducing and back pressure valves. 

Representatives: James C. Matchett, Sec’y.; J. 
L. Ehretsman, R. W. Leutwiler, Frank Goodspeed, 
Louis Bandet, and W. C. Broecker. 

INDUSTRIAL MANAGEMENT. 

INDUSTRIAL PowER. 

INsTaNT WATER HEATER Co. Special water heaters for 
power plant use. 

Representatives : 
White, Mr. Olson, and Mr. Sprenkle. 


INTERNATIONAL FILTER Co. Models of treatment for hot 
flow softening, zeolite treatment and illustration of 
water treatment and purification for power plants. 

Representatives: P. N. Engel, Pres., W. H. Green, 
Vice-Pres., O. A. DeCelle, W. J. Hughes, A. C. Emb- 
shoff, R. J. Koupal, H. B. Crane, A. B. Hodges, A. H. 
Behrman, and Dr. McCoy. 


INTERNATIONAL NicKEL Co. Samples of power plant 
equipment and parts made from Monel metal. 
Representatives: L. Muller-Thym, A. E. Moss, 
B. Dickson, and W. J. Kirk. 


Iron FIREMAN Corp. Automatic furnaces for low- 
pressure heating plants up to 200 hp. 
Representatives: C. T. Burg, K. E. Saboe, W. S. 
Burke, and F. C. Farwell. 


JENKINS Bros. Valves as in actual use with glass port- 
holes to show action when opening and closing. All 
types of valves, sheet, packing and pump valves. 

Representatives: 
and George Davidsen. 


W. A. Jones Founpry & Macuine Co. Spur and worm- 
gear speed reducers, Lemley friction clutches, trans- 
mission equipment. 
Representatives: R. L. Shaw, W. S. LaScelle, F. 
H. Hoge, and R. Lemley. 


M. W. Kettoce Co. Forge welded nozzles, piping and 
headers, also swivel flange joints for high pressure. 
Representatives: H. L. R. Whitney and Mr. Kreid- 
ler. 


KELLY VaLve Co. Standard and high pressure valves. 
Representatives: P. J. Kelly, H. Himelblau, John 
F, Kelly, and T, Agazim. 
KorFunp Co. 
GrorcE T. Lapp Co. The Ladd water-tube boiler con- 
struction and special baffle tile. 


Representatives: George T. Ladd, Pres., H. D. 
Savage, Vice-Pres., and S. N. Connally. 


Mr. Prizer, Mr. Yoder, Mr. 


H. B. McLelland, H. A. aif, 
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Leavitt MacuHInE Co. Dexter valve reseating machines 

for all sizes and forms of valves. 
Representative: E. S. Hersey. 

Ernest E. Lee Co. Equipment for coal crushing and 
separation, centrifugal pumps, ash handling system, 
valve reseating equipment, feed-water control system, 
preservative paint, recording and indicating instru- 
ments. 

Representatives: Ernest E. Lee, J. L. Higgins, 
J. L. Mayer and F. E. Oswald. 

LipTaK Fire-BricK ARcH Co. Air-cooled and solid fur- 

nace walls. Double suspension arches. 
Representatives: C. E. Sharp, Pres, W. D. 
Dreiske, A. V. Chichester, and E. M. Peabody. 

LOCOMOTIVE TERMINAL IMPROVEMENT Co. Steam special- 
ties and boiler washing equipment. 

Representatives: Spencer Otis, F. S. Wichman, 
A. H. Carpenter, W. T. Herren, G. L. Plant, and W. 
J. Wignall. ‘ 

LuMEN Bearine Co. Special bearings, bronze castings 
and bearings material. 

Representatives: Mr. Sampson, Mr. Kemp, Mr. 
Adams, Mr. Smith, and Mr. France. 


THE LUNKENHEIMER Co. Steel, iron body and bronze 


valves, for pressures up to 900 lb. and temperatures 
to 750 deg. F. Non-return and electrically operated 
valves. Types of valves for special uses. 

Frank P. Rhame and William - 


Representatives: 
Carson. 


MANISTEE IRoN WorkKS. Single and multi-stage Roturbo 
centrifugal pumps, rotary condensers. 


MANNING, MAxwELL & Moore, Inc. Ashcroft gages and 
steam specialties, Consolidated safety valves for 1200 
Ib. pressure, Hancock inspirators and valves, Metro- 
politan injectors and ejectors. 

Representatives: W. P. Bradbury, W. E. Jerauld, 
William Loos, E. L. Berthold, Charles Stepan, A. G. 
Marshall, J. Hamilton, and F. G. Geyer. 

MAPLEWOOD MACHINERY Co. 

Marion MACHINE Founpry & Suppty Co. Rotary soot 
blowers for tubular and water-tube boilers. Marion 
Gulf Stream water heater. 

Representatives: A. L. Bolinger and Edward 
Beal. 

Merco-Norpstrom VaLve Co. Lubricated plug valve 
relieved from its seat and working surfaces coated 
by lubricant under pressure. 

Representative: D. N. Whitlock. 

MippLe WEST UTILITIES Co. 

MIDLAND UTILITIES 

Mipwest Pipine anv SuppLy Co. Pipe bends, welded 
headers, balls and socket joints and Van Stone and 
Sargol joints. 

Representatives: J. McC. Moffett and Paul F. 
Witte. 

MILWAUKEE RELIANCE BorER WoRKS, 

Mocvue Macuinery Co. q 

Moore STEAM TURBINE CorP. Single-stage turbine con- 
nected by flexible coupling to 2-stage double-suction 
centrifugal pump and parts of turbine and pump. 

Representatives: M. E. Church, Pres., and G. B. 
Probst. 

MUELLER & Co. Metals and steam specialties. 

Representatives: Frank L. Huntley, 0. J. Haw- 
kins, D. D. Dresback, and Louis Rohr. 


J. W. Murpuy Co. Electric meters. 


Nasu ENGINEERING Co. Hytor Pumps and. Ejectors for . 


heating systems. 

Representatives: Mr. Jennings, Pres., Mr. Wylie, 
Vice-Pres., Mr. Harvey, Mr. Donnelly, Mr. Stannard, 
Mr. Clucas, Mr. Hayes, and Thomas Savery. 

NATIONAL ENGINEER 

NATIONAL REGULATOR Co. 

NATIONAL VALVE & Mre. Co. 

NIcE BALL BEaRING Co. Industrial ball bearings in an- 
nular, combination, thrust and plate types. Indus- 
trial ball-bearing caster of pressed steel parts. 

Representatives: Ralph Woods and Mr. Lescure. 

NitTrosE Co. Preservative paint for metals, against cor- 
rosion, abrasion, and expansion and contraction. 

Representatives: G. C. Daniels, Pres., Hl. R. Weth- 
erell, Vice Pres., Ernest E. Lee and J. L. Higgins. 
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NorMA-HorFMAN BEARINGS CorP. Ball, roller and thrust 
bearings. Close measurement of bearings parts. Oper- 
ating models showing bearing action, low friction and 
quiet running. 

Representatives: O. P. Wilson, Norman Bell, T. 
J. Harley, D. E. Batesole, and C. H. Wallace. 

NoRTHERN EQUIPMENT Co. Copes boiler feed water reg- 
ulating system, varying water level inversely with 
load; control valves; pump governors, valve move- 
ment indicators. 

Representatives: C. E. Wolff, Jr., E. E. Lee, J. L. 
Higgins, and F. E. Oswald. 

Norton Co. Crystolon refractory brick as applied to 
setting of a Riley stoker. Crystolon and Alundum 
refractory pieces for special uses. Norton refrac- 
tory cements for all kinds of uses. 

Representatives: H. B. Lindsay and H. A. Black- 
burn. 

Wo. W. Nucent & Co. 300-gal. continuous oil filtering 
system in operation. Rotary pumps, sight-feed valves, 
telescopic oiling devices and compression union fit- 
tings. 

Representative: Corliss D. Nugent, Vice Pres. 
and Sec’y. 

R. D. Nutratt Co. B. P. tough hard gears and pinions 
for power machinery and industrial use. 

Representatives: J. E. Mullen and C. H. Doolin. 

Nuway Borer & ENGINEERING Co. Nuway boiler action 
by means of glass model. 

Representatives: P. G. Kaiser, Pres, E. A. 
Kaiser, Sec’y and Treas., and L. J. Mellon. 

Peapopy Coat Co. 

PENNSYLVANIA CRUSHER Co. Bradford breaker and 
Armorframe single-roll crusher models in actual oper- 
ation for preparing coal for stokers or pulverizing 
plants. Steelbuilt, Hammermill crusher for coke, 
cement and stone plants. 

Representatives: W. A. Battey, Vice-Pres., C. S. 
Darling and J. A. Plimpton. 
PEOPLES Gas Licut & COKE Co. 


Puitiies, LANG & Co. Mitchell electric vibrating screen. 

Conveying equipment. Installations in power plants. 
Representatives: B. J. Feery and P. Moore. 

PitTspURGH PIPING AND EQuIPMENT Co. Sargold-Weld 
Joints and welded construction for piping and 
headers. ; 

Representatives: Berford Brittain, Thomas N. 
Bishop and Robert Whyte. 

PLIBRICO JOINTLESS FIREBRICK Co, Front door arch and 
demonstration of furnace construction and lining 
with Plibrico products. 

Representatives: I. S. Pieters, W. A. Schaefer, Jr., 
I. Kuttnauer, J. E. Anderson, J. E. McCormick, 
and C. W. Peacock. 

Wm. A. Pore. Piping system construction and heating 
specialties. 

Representatives: William A. Miller, R. A. Widdi- 
combe, and S. Austin Pope. 

Wa. PowELt Co. White Star and Model Star Valves in 
all types for standard and high pressures. 

Representatives: James Coombe, Chas. Kam- 
meron, Wm. Heilig, and C. W. Blaesi. 

POWER 

PowER PLANT ENGINEERING. Power show directory, 
books, periodicals and rest room. 

Representatives: E. R. Shaw, C. 8. Clarke, A. L. 
Rice, R. E.. Turner, A. W. Kramer, C. R. Earle, 
Joseph Darnell, C. W. Barnes, K. L. Rice and E. 
C. Prouty. ; 

Power Prant Specratty Co. Feed water treatment 
system and equipment. 

Representatives: D. F. Vater, W. H. Stevenson, 
and M. B. Peirson. 

Power Spectatty Co. Foster superheaters and eco- 
nomizers and the Radiant Type superheater. Heat 
Absorbing Elements. 

Representatives: Thos H. Wilkins, W. F. Meyer, 
K. H. Bedell, P. R. Greenman, W. E. Burks, Louis 
Lanyi, W. H. Mackay and J. K. Seabright. 


Powers RecutaTor Co. Temperature control systems 
and equipment for all purposes. Temperature re- 
gulators. Thermometers. High-pressure steam traps. 

Representatives: Thos. H. Wilkins, W. F. Meyer, 
O. Snediker, F. E. P. Kl , E. W. Rietz, W. P. 
McFarland, J. Pederson and L. O. Weldy. 
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Henry Pratt Co. Operating exhibit of the Phillips 
coal spout swinger, models of Phillips expansion 
joint and Pratt coal valves. 

Representatives: Will H. Phillips, S. B. Smith 
and E. J. Klika. 

PuBLic SERVICE Co. of No, IIl. 

PUBLISHERS ASSOCIATION. 

QUIGLEY FurNAcE SPEcrIALTIES Co., Inc. Hytempite 
cement, Ganis and refractory, Quigley refractory gun 
for applying plastic refractories, acid-proof cement 
and Triple-A protective solutions and enamels. 

Representatives: W. H. Gaylord, Jr., H. M. 
Thompson, M. F. King, D. F. McMahon and James 
A. Davidson. 

RactnE Toot & Macuine Co. High-speed reciprocating 
and band saws for cutting metal. 

Representatives: M. E. Erskine, Pres., J. M. 
Jones, Vice Pres., William Reinhardt and Ray Fuller. 

RAILWAY AND INDUSTRIAL ENGINERING Co. Air-break, 
horn gap switches with vertical and with side break. 
Gang-operated disconnect switches for hand operation 
or remote control with detail operating mechanism. 
Bus supports and fittings. 

Representatives: E. B. Robertson, H. A. Katz, W. 
R. Calverly, H. D. Stier and S. H. Sparks. 


RAMSEY CHAIN Co., Inc. Silent chain, sprockets and 
pinions. Details of the compensating joint, to show 
roller bearing action. Demonstration of chain running 
at high speeds. ; 

Representatives: Anthony Brady Farrell, Pres., 
Lewis E. Smith, Walter A. Hoppe, Percy A. Morse 
and Howard M. Davis. 


Reapinc STEEL Castine Co. Cast-steel flanged and 
screwed fittings, globe and gate valves for pressures 
up to 900 lb. Iron and bronze-body valves in globe, 
gate, angle and check forms. Photographs of installa- 
tions, 

Representatives: W. E. Foster, R. T. Hatch, J. 
P. Ferguson, A. W. Taggart, H. P. Howlend, C. H. 
Molitor and G. J. Helfrich. 


REEVES PuLLEY Co. Variable speed transmissions with 
remote control electrically or mechanically. Com- 
pact drive with motor on transmission frame, silent- 
chain drive and new steel-link V belt. Alemite lubri- 
cation, ball bearings and lock for any desired speed. 

Representatives: A. E. Shibley, F. T, Moore and 
C. M. Reeves. 


Ren Mrc. Co. Ren-Lock for preventing the theft of 
electric light bulbs. 
Representatives: R. E. Naumberg, Pres. and J. B. 
Paradise. 


REPUBLIC FLow METERS Co. Meters for flow of steam, 
water, coal, air; CO, records, multiple draft indica- 
tors, liquid-level gages for remote recording. 

Representatives: J. D. Cunningham, J. M. Spitz- 
glass, Vice-Pres., C. E. McGregor, S. C. Vail, G. D. 
Conlee, M. D. Johnson, K. B. Roudebush, J. G. Tiger- 
man and F. A. Furlong. 

Ric-Wit Co. Loc-lip conduit for insulating under- 
ground lines and Ric-Wil system of steam distribu- 
tion in miniature. 

Representative: R. E. Sutherland. 

Ritey SToKer Corr’n. Riley Atritor open to show con- 
struction and Harrington traveling-link grate. 

Representatives: William Pestell, H. S. Colby, 
H. F. Post, G. H. Sanger, F. G. Rogers and O. C. 
Sheldon. 

RIsHER Fire Brick Co. Firebrick shapes and furnace 
construction. 

Representatives: H. E. Risher, H. O. Engstrom, 
E. H. Pratt, and A. H. Bratlie. 

RowAN CONTROLLER Co. 

S-C RecuLator Mrc. Co. Feed water regulators and 
pump governors, special developments for pressures 
up to 600 lb., S-C Master Controller for systems up 
to 700 Ib. 

Representatives: C. W. Foster, E. H. Bolton and 
J. M. Barrett. 

Sarco Co., Inc. Steamtraps, thermostatic control ap- 
paratus and appliances for steam heating systems, 
with helically corrugated, seamless bronze tubing 
thermostatic elements. 

Representatives: G. H. B. Burke, E. J. Ritchie 
and W. Heitner. 


130-1-2-3 


329-30 
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SAUERMAN Bros. Drag scrapers system of stocking and 
reclaiming coal by using the same scraper, demon- 
strated by a complete miniature working model. 

Representative: G. R. Moore. 

Scuutre & Koertine Co. Condensers, air and oil 
coolers, special valves, gear pumps, spray nozzles 
and spray clusters, injectors, steam jet compressor. 

Representatives: A.C. Nell and E. A. Knowlton. 

SIMPLEX VALVE & METER Co. Boiler feed water meter 
in operation. Meters for indicating, recording and 
totalizing feed water, condensate, circulating water 
or industrial supplies. 

Representative: A. F. Barron. 

D. H. SKEEN & Co. Pressure regulators, forged piping 
and headers, air preheaters, high pressure steam 
valves, turbines and centrifugal pumps, heaters and 
heat exchangers and water level controllers. 

Representatives: D. H. Skeen, E. T. McCarthy, 
G. L. Dickson, E. A. Kerbey, D. S. Walker, E. J. 
Friedrich and P. L. Richtmyer. 

SKF Inpustries, Inc. Ball bearings of all types and for 
all purposes. 

Representatives: J. B. Castino, H. A. Gumm, P. 
A. Carlson, W. B. Pusy, A. Alven, H.R. Clark and 


R. C. Byler. 
SKIDMORE CoRPORATION. Vacuum Pumps. 
Representatives: B. Skidmore, Jr., F. H. Sprague 


and Rielley. 

M. B. SKINNER Co. Specialties for repairing leaks, 

bending pipe and reseating valves, cocks and faucets. 

Representatives: M. B. Skinner, Pres., K. G. 
Merrill, Vice-Pres., F. A. McMurray, F. R. Me- 
Murray, R. H. Ford, Keller Elliott and William 
Brown. : 

SOUTHERN ENGINEER 

STANDARD Cast Iron Pire & Fopy. Co. 

Sranparp Om Co. (INpD.). Oils, greases and methods 
of fitting lubricants to special needs. 

Representatives: W. W. Albright, E. J. Bohnen, 
H. P. McNaughton, R. J. Nadherny and F. F, Stam- 
berg. 

SranNnARD Power EquipMENT Co. American, centri- 
fugal pumps and reciprocating pumps, steam and 
power driven. Ric-wil system for underground steam 
and water distribution. Hytor turbine vacuum 
pumps and combined vacuum and low-pressure feed 
pumps, pneumatic sewage ejectors. 


Representatives: James M. Stannard, Pres. and 
Treas., George W. Clucas, Secy., William H. Evans, 
J. J. Hayes, Arthur May, H. C. Crane and H. P. 
Barton. 


STERLING ENGINEERING Co. Thermostatic radiator 
traps, packless radiator valves, venting devices for 
steam heating systems, thermostatic temperature 
control system. . 

Representatives: Harry Himelblau, T. Agazim, 
R. A. Wolf and F. J. Murray. 


STICKLE STEARNS SPECIALTY Co. 


Strom Division, Martin-Rockwell Corp. Ball bearings, 
process of making and demonstrations of small 
frictional resistance. 

Representatives: G. A. Strom, G. C. Smith, H. 
N. Parsons, C. T. Olson, E. P. Schmidt, M. E. Monk, 
C. V. Johnson, H. R. Higgins and F. R. Schubert. 


Strone Scorr Mre. Co. Unipulvo pulverizing and coal 
burning equipment. 
Representatives: 


Lykken. 


B. F. Srérrevant Co. Turbine and Turbovane fans for 
forced and induced draft, air preheaters, ventilating 
fans and air washing equipment. Lead-coated eco- 
nomizer. Cindervane fan. 

Representatives: F. Herlan, Vice-Pres., P. C. 
Ekblom, F. C. Dawson, A. B. Osgood and H. B. 
Roarke. 


A. W. Strong, Pres. and H. G. 


THE SUPERHEATER Co. Elesco superheater elements for 


1500-hp. boilers, showing forged return bend for join- 


ing pipe lengths and ball and clamp joints to headers. 
Photographs of boilers showing location of super- 
heaters for various types. 

Representatives: R. M. Gates, B. N. Broido, R. S. 
Cooper, A. H. Charles Dally, R. L. Ehmann and L. H. 
A. Weaver. | 
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W. O. & M. W. Tatcort, Inc. Belt fasteners, belt hooks, 
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clinch fasteners rivet inserted 
fasteners. 
Representatives: W. O. Talcott, Pres., and M. W. 


Taleott, Vice-Pres. and Sec’y. 

TECHNO SERVICE CorP’N. 

TIMKEN ROLLER BEARING Co. Model of steel mill which 
shows steps in producing Timken bearings. Details 
of improved bearing, rolls cone and cage. 

Representatives: L. M. Klinedinst, W. B. Moore, 
G. D. Thewlis, Carter Miller, F. J. Lemper and F. 
N. G. Kranich. ; 

Troy ENGINE & MAcuINE Co. Details of its engine 

construction and of the lubricating system used. 
Representatives: John H. Hopp and J. B. 
Patterson. 


and plate and 


UEHLING INSTRUMENT Co. Waste meter for indicating 
and recording loss in flue gases. Combined barometers 
and vacuum recorder. 

Representatives: Ernest E. Lee, J. L. Higgins, 
J. L. Mayer, F. E. Oswald and C. J. Schmid 


Installations and details of 
cross-drum_ water-tube 
Universal 


Union IRoN WoORKS. 
horizontal long-drum and 
boilers; also of vertical bent-tube type. 
return flue, fire-tube boiler. 

Representatives: George W. Bach, Vice-Pres, and 
C. B. Adams. ' 


VASTINE SALES CORP. 
tion device. 

Representatives: C. H. Samuelson, J. W. Him- 
melsbach, Geo. M.. Vastine and R. P. Vastine. 


VutcaNn Soot CLEANER Go. Valve operating cleaner 
head with integral, self-grinding disc valve, the ele- 
ment and valve operated by a single control. Ratchet 
operating head giving step-by-step movement. Heat- 
resisting soot cleaner elements. 

Representatives: F. W. Linaker, Vice-Pres., Mr. 
Burnham, Mr. Bland and Mr. Lindsey. 


Waite & Davey Co. , Suspended arches, air cooled side 
walls and rear combustion arches. 

Representatives: Chas. W. Parker, Vice-Pres., 
John E. Miller, T. M. Meek, E. L. Gundlach, Frank 
H. Waite and George W. Davey. 

Watsu & WEIDNER BoILer Co. Seamless forged steel 
sectional boiler headers, section of 54-in. steam drum 
for 425 lb. pressure, materials and method for baf- 
fling, drawings of settings. 


Air cooled furnace fire observa- 


Representative: M. D. Kizer. 
Watsu Frre Cray Propucts Co. Firebrick and furnace 
linings. 
Representatives: Chas. W. Parker, Vice-Pres., 


John E. Miller, T. M. Meek and E. L. Gundlach, 


WatwortH Co. Sigma steel valves and fittings for high 
pressures and temperatures. Special features in steel 
casting processes and X-rays of casting defects. 

Representatives: J. M. Ohnstead, F. H. Krahn, 
H. R. Willard, J. J. Harman, F. W. Duemler and 
“W. H. Weber. 


WARREN WEBSTER & Co. Modulation system of steam 
heating demonstrated by a working model with action 
of essential parts visible under glass pipe. 

Representatives: William H. Chenoweth, H. G. 
Thomas, I. N. Soper, F. W. Wren, R. G. Rosenbach, 
L. P. Lang, B. Harter, H. Schlaeger, M. A. Norman 
and E. H. Beling. 


WESTERN UNION TELEGRAPH Co. 
and telegraph messages. 


Station for telephone 


WESTINGHOUSE ELEcTric & Mre. Co. Steam turbines 
for generator and mechanical drive, steam-jet air 
ejectors, Auto valve lightning arresters, equipment 
for reconditioning transformer and circuit breaker 
oils, meters, switches and lighting equipment. 

Representative: L. M. Gumm. 


C. H. Wneeter Mre. Co. Rado-jet air pumps and 
sectioned model showing construction and operation. 
Inter and after condenser for closed feed water 
systems. Photos of dualbank condensers and of 
70,000 sq. ft. condenser as assembled at factory and 
as installed. 

Representatives: C. H. Wheeler, Jr., Vice-Pres., 

G. L. Kothny, J. Dobson and Frank Wheeler. 
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\VHEELER CONDENSER & ENGINEERING Co. Condensers 
air pumps, cooling towers, hotwell pumps, evaporators, 
bleed heaters, expansion joints, oil heaters, centri- 
fugal pumps, steam jet pumps and other similar 


equipment. 226-27 
Representatives: E. R. Goodrich, O. E. Ander- 
son, Mr. Chapin, V. T. Price and R. G. Backus. 
323 


\iIrHERUP CoRK PACKING Co. 


Wotrr & Co. Andale strainers, grease extractors, coolers 
and heat exchangers. Fast’s flexible couplings, Cleve- 
land speed reduction units, rear axle drive and 
worm'and gear sets. 211-12 


\WRIGHT-AUSTIN Co. Extra heavy water gauge, weighted 
metal whistle valve and Brownie low-water signal 
tri-cock safety alarm, water columns with Monel 
small boilers. 61 
Representatives: C. Burt, Vice-Pres. and H. R. 
Patterson. 


YARNALL-WaARING Co. V-notch meters for recording and 
integrating flood flow, balanced blowoff valves and 


spray nozzles. 277-8 
Representatives: H. J. Moyer, W. G. Heacock, 
S. D. Barr, Jos. Kildare and Chas. Thompson. 
YEOMANS Bros. Co. 447-48 


Increased Electrification Has 
Cut Coal Consumption 


N THE thirteenth annual report of the Secretary of 

Commerce, the elimination of waste through enlarged 
electrification is discussed by Paul S. Clapp, special 
Assistant to Secretary Hoover. He states that during the 
past 5 yr. there has been a notable advance in the electrifica- 
tion of the country and in the generation and distribution 
of power. This is being accomplished not only with an 


‘ enormous saving in fuel but with large increases in pro- 


ductivity, reduction of physical effort and labor, and added 
comfort in the home. Since 1920 long strides forward have 
been taken in the development of widespread electrical 
power systems, which are increasingly becoming the 
enormous reservoirs of mobile and reliable power for all 
purposes, upon which in such lrage measure our national 
progress depends. 

With the development of long-distance transmission and 
its sequence, the production of power upon a large scale in 
more economical plants at most advantageous points, is 
having a far-reaching influence. 

Our electrical generating capacity increased from 14,- 
280,000 kw. in 1920 to over 23,000,000 kw. in 1925, an in- 
crease of 60 per cent. This has been effected principally in 
large efficient units concentrated in carefully operated cen- 
tral plants, with gradual elimination of wasteful smaller 
plants. At the same time the development of water pow- 
ers connected to electrical systems has been particularly 
active. Of the total of 8,300,000 hp. now developed and 
connected to these systems, 2,500,000 hp., or 30 per cent, 
has been set to work in this period. 

Interconnection of power plants, hydro and steam, has 
rapidly progressed, enabling maximum utilization of each 
with large economies in power production and distribu- 
tion. Factory steam plants are being replaced with elec- 
trical power, the increased industrial load during the 
dav being supplied from the same equipment as the night 
load of cities. The capital invested in idle or underloaded 
equipment has been effectively reduced. Water powers 
formerly too far removed from the market are now being 
developed and put to work. The steadily increasing base 
load upon large economical central plants and the shift 
from small electrical or industrial plants has resulted in 
great savings in fuel. The consumption of coal or its 
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equivalent by electrical plants has been decreased from 3.2 
lb. per kw. as the average required in 1919 to 2.2 lb. in 
1924, a total saving in this period of over 50,000,000 t. To 
this can be added the saving of some 6,000,000 t. from the 
water power put into operation, making a total of 56,000,- 
000 t. saved. 

Power cost has been maintained at pre-war levels, the 
large economies in production and distribution offsetting 
the rise in labor and material costs. 

In industry there have been large increases in the power 
applied, and in the shift toward electrification the source 
of supply increasingly becoming the interconnected systems. 
In 1919, 55 per cent of the total primary power in fac- 
tories was applied electrically ; this has increased to 70 per 
cent. Between 1919 and 1923 power used in industry in- 
creased from 29,300,000 to 33,000,000 hp. 


Gas and Electric Display at 
the Chicago Power Show 


HE GAS and electric properties in Chicago and ad- 

jacent territory will occupy booths Nos. 228 to 233 
which are situated on Power Boulevard. 

The gas exhibit will be backed. by a scenic panorama, 
indicating the many manufacturing activities in and 
around Chicago, and the important part which gas plays 
in industrial economy. This panorama will be artistically 
illuminated by a system of changing lights. 

Two small models placed on either side will also form 
part of the exhibit. One of these shows the “Village Black- 
smith” forge and bellows and the other, a modern forge 
where gas is used exclusively. 

Folders and other literature on the subject of factory 
heat treatments will be available for everyone interested in . 
the subject. 

In the Electric Exhibit, three large illuminated maps 
will be displayed. These ilustrate the great development 
in the transmission of electric energy and in the inter- 
connection of systems, which has been taking place in the 
States of Wisconsin, Illinois, Indiana and Kentucky. 

A study of these maps will disclose the highly developed 
inter-connection between the water-powers of Wisconsin, 
the great steam stations in the Chicago District, extending 
south through the entire State of Indiana, and over into 
Kentucky,, connecting up with the water-power develop-— 
ment in the latter State. They also give a striking pic- 
ture of the great pool of power—the largest in the world— 
in the Chicago district, through the interconection by 132,- 
000-v. super power transmission lines of the systems of the 
Public Service Co. of Northern Illinois, the Commonwealth 
Edison Co. and the Midland Utilities Co., the aggregate 
capacity of which, on January 1,1926, equaled 1,100,000 
kw. 

The holdings of the various companies within the Insull 
group of utilities may be readily distinguished, as a dif- 
ferent color has been used in the outlining of each of the 
systems, and the holdings outside of the Insull interests are 
shown in yellow. Plain stars indicate the locations of the 
steam generating stations, and each hydro-station is repre- 
sented by a start in a circle. The super-power (high-volt- 
age) transmission is indicated by heavy broken lines and 
the lower voltage by smaller, continuous lines. 

These maps should prove to be unusually interesting 
and instructive, as they clearly indicate the trend of the 
times in our industry. 
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Distortion Test of a 4-In. Sigma 
Steel Flanged Tee 


S IS well known, the tendency of the times is toward 
increased working pressures and superheat require- 
ments in power plant installations and increased working 


FIG. 1. FIRST WEIGHT DEFLECTED PIPE AND FITTING 23%; IN. 


temperatures and pressures in oil refinery processes. Wal- 
worth Co., having in mind this trend and foreseeing the 
necessity for fittings and valves capable of withstanding 
high-temperature requirements, some time ago made an 
exhaustive series of x-ray studies of steel castings at the 
Watertown Arsenal. The net result of this long period of 
research work is a new line of steel fittings and valves 
known by the name “Walworth Sigma.” This embraces a 
line for 250-400-600-900 lb. working steam pressures at 
total temperatures of 750 deg. F. which conforms to the 
Tentative Standards of the American Engineering Stand- 
ards Committee. 


In order to demonstrate by actual tests the elasticity 
and strength of Walworth Sigma Steel, a test was made of 
a 400 lb. working steam pressure Sigma steel flanged tee. 
The fitting was first given a hydrostatic pressure test of 
2500 lb. per sq. in., a little over six times the rated work- 
ing steam pressure, at which pressure it was absolutely 
tight. 

It was then connected to two pieces of 4-in. double extra 
heavy pipe, supported on 18 ft. centers, and loaded with 
two weights of 3714 lb. each. The first weight produced a 
deflection of 23% in. as shown in Fig. 1. In this figure, 
the first weight is supported entirely on the fittings, the 
second weight being supported by the overhead crane. The 
second weight was then gradually lowered until the flange 
of the fitting rested on the floor, producing a total deflec- 
tion of 277, in., as shown in Fig. 2. The elasticity of the 
fitting is shown by the uniformity of the bend in the fitting 
and in the pipe adjacent to it. This flexibility reduced the 
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localized strain in the flange joint bolting material, and 
thus increased the strength of the structure as a whole. 
When the weights were removed the structure sprang 
back a distance of 4;% in., leaving a total permanent de- 
flection of 227% in. The fitting was then removed and 
again tested perfectly tight at 2500 lb. hydrostatic pres- 
sure. This test demonstrates conclusively that the design 





FIG. 2. TOTAL LOAD OF 7428 LB. PRODUCED THIS RESULT 


of the fitting was satisfactory, that the casting was sound 
throughout, containing no injurious interior defects, and 
that it was properly heat-treated. 


Detroit Double Retort Side 
Cleaning Stoker 


OR the smaller boiler the. mechanically driven single 

retort stoker has accomplished splendid results, but for 
the medium size boiler of 300 hp. and larger, where multi- 
ple retort cleaning stokers are normally adaptable but can- 
not be installed for lack of sufficient space or other con- 
ditions, the double retort stoker has been developed by the 
Detroit Stoker Co. of Detroit, Mich. With this later design, 
two retorts do the work which formerly had to be done by 
one. Experience in various parts of the country has shown 
this machine to be successful in operation. One of the 
characteristics of the double retort stoker is that the nor- 
mal speed of the coal feeding mechanism is greatly reduced. 
Slow movement of fuel insures better ignition, complete 
combustion, and high capacities. Complete underfeed ac- 
tion is obtained, with larger active grate area, as the 
double retort stoker is designed for heavy duty, and it is 
capable of being driven at continuous high ratings. At 
the same time it will develop high efficiencies with light 
loads. In practice this stoker has been found to be flexible. 
It can be brought quickly from a banked fire condition to 
full rating. 
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With this stoker a basement or tunnel is not required, 
and the ashes can be removed at the front of the boiler 
directly onto the boiler room floor, and the bottom of the 
‘ash pits can often be placed at the level of the boiler room 
floor. Comparatively little excavation or concrete work is 


FIG. 1. REAR VIEW DETROIT DOUBLE RETORT STOKER 


required to effect an installation under boilers previously in 
service. ae 

Extending from the sides of the retorts are heavy grates 
inclined. downward toward the side walls. At the end of 
these grates are located the dumping sections convenient to 
operate from the front of the stoker. A central air cham- 
ber is provided below the retorts; Numerous openings in 
the tuyeres are arranged to distribute the air evenly 


FIG. 2. FRONT VIEW SHOWING MECHANICAL DRIVE 


throughout the entire fuel bed under comparatively low air 
pressure. A damper is provided for regulating the amount 
of air entering the air chamber. 

Dump plates are of the grate bar type of construction 
with air ports. A damper is provided between each ash pit 
and the air chamber so that air under slight pressure can 
be admitted to the dump plates to burn completely the 
combustible in the ash before dumping. 

Flow of the coal in each retort is under independent 
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control. Fuel is delivered below the fire uniformly 
throughout the entire length of both retorts, thus providing 
complete underfeed action. For each retort, separate ad- 
justments are provided governing the length of travel of 
each ram which can be regulated from full stroke to no 
stroke as well as the stroke of the auxiliary pusher bar. 
A further adjustment provides control of the rate of flow 
of the fuel to the dumps on the side. 


Sandstone Rapids Plant Nearing 


Completion 

THE SANDSTONE Rapids hydro-electric plant of the 
Wisconsin Public Service Corporation is nearing completion 
according to announcement by J. P. Pulliam, vice presi- 
dent and general manager. The capacity of the new plant 
is 5000 hp. 

This plant will use the waters of the Peshtigo River for 
the sixth time. Plants are already in service at High Falls, 
Johnson. Falls, Potato Rapids, Cauldron Falls and Peshti- 
go. The Sandstone Rapids plant is approximately 8 mi. 
below the High Falls plant, and utilizes a head of 45 -ft. 
The total fall used by all the plants on the Peshtigo River 
is more than 300 ft. 

High Falls, the oldest of the power developments on 
the Peshtigo, is the master station for this group of plants, 
the other plants being operated automatically. The auto- 
matic control not only takes care of electrical operation, but 
also handles the flow of water through the system. 

Wisconsin Public Service Corporation, which supplies 
utility services in Green Bay, Oshkosh, Manitowoc, She- 
boygan and Marinette, Wisconsin; Menominee, Mich., and 
about seventy-five other communities, was acquired by the 
Byllesby interests in July, 1925. 


Material at 1500 Deg. Handled 
by Conveyor System 


UCH highly heated material brings special conditions 
that ordinarily do not have to be considered. But, at 
the Painesville, Ohio, plant of the Standard Portland 
Cement Co., hot cement clinker at 1500 deg. F. is dis- 


PARALLEL SCREW CONVEYORS ARE USED TO HANDLE CEMENT 
CLINKER AT 1500 DE«. F. 


charged from the kilns directly into four Stearns screw 
conveyors which operate in parallel as shown in the illustra- 
tion. Three are 60 ft. long, the fourth 65 ft., all discharg- 
ing into a screw cross-conveyor, running at right angles, 








which carries the clinker to a centrifugal pump, discharging 
in turn to the coolers. 

The high temperature necessitated special provision for 
expansion and unusually rigid support of shafts and flights 
to avoid warping and distortion. 

All five conveyors are driven by the one motor, the four 
in parallel through bevel gears and the cross-conveyor by a 
speed reducer and chain. Each parallel conveyor has a 
jaw clutch cast integral with its bevel gear so that it can 
be cut in and out independently. 

Location of the cross-conveyor is in a concrete trough 
built into the floor, which makes it possible to anchor the 
countershaft. By making the bearings of the parallel con- 
veyors integral with those of the countershaft, the drive 
ends of those conveyors are also anchored firmly in aline- 
ment. 

Screws of all conveyors are of steel plate 10 in. diameter 
and % in. thick, the troughs of ;4;-in. plate with cast-iron 
feet riveted on and set on %-in. plates, which are anchored 
to concrete piers. The plates have cast-iron guides bolted 
on, which allows the troughs to slide as they expand and 
contract, yet maintains alinement. To allow for expansion 
of the screw, it is cut back 3 in. from the hangers, the 
allowance for expansion of the screws being 2% in. and 
for troughs, 5 in. 

Tops of the troughs are covered with steel plate, flanged 
over along the sides, the flanges fitting into channel bars 
riveted along the sides of the troughs, and the joint being 
sealed by a sand filling. Hanger bearings are of chilled 
iron with main shaft bearings bronze-bushed. 

This special installation was designed and installed by 
the Stearns Conveyor Co. of Cleveland, Ohio, and is one 
of many which that company has put in to meet unusual 


conditions. 


Regulator Employs Mercury 
Column Control 


O MAINTAIN in the boiler feed line a constant excess 
of water pressure above steam pressure, the Mercon ex- 
cess pressure regulator, applicable to both steam-driven and 
motor-driven boiler feed pumps, employs the weight of a 


mercury column to balance the excess pressure that may- 


be desired. The accompanying illustration shows the Mer- 
con regulator as applied to a steam-driven pump. In this 
case it is installed in the main steam line to the pump, thus 
controlling the pump speed. 

The amount of excess or differential pressure depends 
on the height of the mercury column, which is 2 in. for 
each pound of differential pressure required. If steam pres- 
sure at the valve is 300 lb. and an excess of 25 Ib, is 
requirdd at the pump discharge, the mercury column would 
be made 50 in., or 4 ft. 2 in., high. When the feed water 
pressure transmitted to the lower mercury receiver reaches 
325 lb. the pressure in the upper pot and below the dia- 
phragm is 300 lb. on account of the mercury counter pres- 
sure of 25 lb. The diaphragm is then balanced between 300 
Ib. steam pressure above and 300 lb. water pressure below. 

Any increase in steam pressure above 300 Ib. will now 
force the diaphragm down, opening the valve, and speed- 
‘ing up the pump until the feed water pressure is again 25 
lb. above the increased steam pressure. If the feed water 
pressure starts to drop, the pressure under the diaphragm 
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will decrease, the diaphragm will move down and the steam 
supply and pump speed will be increased until the water 
pressure is up to the required differential pressure. 

In applying the Mercon excess pressure regulator to a 
motor-driven boiler feed pump, the valve is placed in the 
pump discharge line, the top mercury reservoir is con- 
nected to the main steam line and the bottom mercury res- 
ervoir to the under side of the diaphragm. 

In adapting the Mercon regulator as a constant re- 
duced pressure regulator, the mercury column balances the 
reduced pressure desired. 


CYLINDER 























EXCESS PRESSURE 














MERCURY COLUMN BALANCES EXCESS PRESSURES ON BOILER 
FEED LINE 


The Mercon regulator is made by D. H. Skeen & Co., 
Chicago, Ill., to meet the varying conditions of each in- 
stallation and is not a stock regulator. Valve bodies can 
be supplied in cast, forged or semi-steel or in bronze. Discs 
are of. solid bronze or monel metal and of the double deck 
piston type. Sleeves are usually of unlike metal, monel in 
bronze being the usual combination and the outer sleeve be- 
ing screwed in place. Ports can be of any shape demanded 
by conditions. The water leg is of extra heavy steel pipe 
or tube, the end next to the regulator. body being Van 
Stoned and the other end being screwed against the shoul- 
der in the diaphragm chamber. A loose fitting baffle around 
the stem at the top of the chamber is provided to stop sedi- 
ment and the water leg is designed long enough so that 
the water in the chamber is always cool. The diaphragm 
chamber is of cast or semi-steel, and a sheet rubber dia- 
phragm is used in most cases, although special diaphragis 
are supplied for oil and corrosive gases. Water and mer- 
cury columns are of small diameter steel pipe supplied hy 
the customer ; the closed mercury reservoirs are of steel pipe 
with the ends welded on. 
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New England Co. Plans Expansion 

STocKHOoLpErS of the New England Co. have approved 
a plan for $20,000,000 enlargement of the company through 
agreement of the company with the International Securities 
Company, F. L. Carlisle & Co. which is affiliated with the 
Power Corporation of New York, and Stone & Webster, 
Inc. of Boston. Control over merged hydro-electric power 
interests in New England passes to an enlarged organiza- 
tion by this agreement. 

The $20,000,000 provides for expansion into new terri- 
tory. With the entrance of Stone & Webster, Inc., into the 
combine, the Edison Electric Illuminating Co. becomes in- 
terested to the extent of $1,000,000. Stone & Webster, Inc., 
has agreed to purchase 140,000 of the 400,000 new shares 
to be issued, the International Securities Co. takes 86,667 
shares. This company being affiliated with the Inter- 
national Power Co. which has extensive power develop- 
ments and water rights, the Power Corporation of New 
York takes 173,333 shares bringing the F. L. Carlisle & 
(Co. interests into the New England field. 

The New England Co., whose name may be changed to 
the New England Power System, is a holding company con- 
trolling by investment the New England Power Oo., the 
Connecticut River Power Co., the Rhode Island Power 
Transmission Co., the Bellows Falls Power Co., the Fall 
Mountain Electric Co., the Bellows Falls Canal Co., and 
the Bellows Falls Electric Co. Its Davis Bridge reservoir 
has the largest earth dam in this country. 

One result which is expected to come out of the merger 
is the larger exchange of power hetween New England and 
the New York and New Jersey companies. Lower operat- 
ing costs and improved service is expected as a result of 


the merger. 


N. Y. Chapter No. 2, N. A. P. R. E. 
Elects Officers 


ANOTHER interesting evening was enjoyed December 
10, 1925, by the members and guests of N. Y. Chapter 
No. 2, N. A. P. R. E. at the new meeting place, Cafe Boule- 
vard, Continental Hotel, Broadway and 41st Street, New 
York. 

First vice-president G. Savarese called the assembly to 
order at 8:00 P. m., to lose no time. After the roll call, 
Secretary Wm. S. Arvidson read the minutes of the Novem- 
ber meeting. A. F. Miller read the treasurer’s report. It 
showed expenditures made, $416.50; cash on hand $39.19 
(same as A. S. R. E.) and $126 in dues outstanding. Ac- 
cording to constitution, this Chapter meets on the second 
Thursday evening of each month. As everybody, guests 
included, is free to attend, no special invitations are sent 
out. 
It was decided to make the fiscal year agree with the 
calendar year. Election of officers was therefore held, so 
these could start functioning at once. Accordingly the 
following officers were nominated and elected unanimously : 

President, G. Savarese; First Vice-President, J. R. 
Bernd; Second Vice-President, L. K. Wright; Treasurer, 
Frank J. Malone: Secretary, Wm. S. Arvidson; Technical 
Secretary, Charles H. Herter; Chairman of Education 
Committee, Halbert P. Hill; Directors: J. Jacobs, E. 
Hatch, John Reiman ; Sergeant-at-Arms, Wm. Vecchio. 

In appreciation of work done gratis for Chapter No. 2, 
Charles H. Herter was unanimously elected honorary 
member. 
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Mr. Arvidson recommended fixing a program now for 
the next three meetings. He offered to handle himself the 
subject of Engine Room Records, January 14, 1926; L. K. 
Wright agreed to talk on Small Refrigerating Machines, 
February 11, while Mr. Herter promised to arrange, for 
March 11, 1926,.an instructive welding session, with mov- 
ing picture film, specimen pipe jobs and lecture by experts 
of the Oxweld Acetylene Co. of 30 E. 42nd Street, New 
York. 


A. I. E. E. Midwinter Convention Will 
Have Many Papers of Interest 


As usual the Midwinter Convention of the American 
Institute of Electrical Engineers at New York promises to 
be full of interest, not only from a technical standpoint but 
also from a social standpoint. This year the convention 
will be held in the Engineering Societies Bldg., New York 
City from February 8-11. 

Among the technical subjects to be discussed are trans- 
mission stability, protective and control systems, bus and 
steel-work construction, electrical machinery, measure- 
ments, insulation and dielectric absorption, electromagnet- 
ism and electrophysics, communication and sound repro- 
duction, and furnace-resistor design. 

In the social part of the program there will be an in- 
formal smoker on Tuesday evening, February 9, at the 
Hotel Astor. Some interesting entertainers will add to the 
pleasure of this evening. 

The dinner-dance on Wednesday evening promises to 
be even better than the dinner-dances of the past few 
years, which always have been most heartily enjoyed. This 
event will be held at the Hotel Astor and a Paul White- 
man orchestra will furnish the music. This fortunate com- 
bination is an absolute guarantee of an excellent dinner, 
fine music and very enjoyable dancing. 

On Thursday evening an address will be given by a 
prominent speaker. 

New York, of course, offers a limitless variety of pos- 
sible inspection trips and the trips being arranged will be 
most instructive. Among the places to be visited will be 
the new Holland Tunnel (the vehicular tunnel under the 
Hudson River), Broadcasting Station WEAF of the Amer- 
ican Telephone and Telegraph Co., the Edison Lighting 
Institute of the Edison Lamp Works, the Loening Airplane 
Factory, Kearny Power Station of the Public Service 
Electric Power Co., Hudson Avenue Station of the Brook- 
lyn Edison Co., Hell Gate and Sherman Creek Stations of 
the United Electric Light and Power Co., the Bell Tele- 
phone Laboratories and a machine-switching central 
telephone office. 

An active convention committee is perfecting plans to 
assure that all who attend the meeting will have a pleasur- 
able and profitable time. 


James Duncan Died During Operation 

JaMES Duncan, president of the Illinois Stoker Co., 
died unexpectedly on January 9, in New York City during 
an operation for gall stones. Mr. Duncan was born in Al- 
ton, Ill., in 1860, and, due to the death of-his father, was 
forced to quit school in his youth and went to work as a 
laborer in the foundry of Brunner & Duncan, which he 
purchased 35 yr. ago. 

Besides his interests in the Illinois Stoker Co., Mr. 
Duncan was president of the Illinois Co., a holding com- 
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pany having many interests including coal mines, had 
holdings in several railway companies, having last year 
bought the south end of the Chicago, Peoria & St. Louis, 
and was also an important holder of stock in St. Louis 
banks and trust companies as weil as in many [Illinois 
banks. Mr. Duncan is survived by three brothers, and two 
sisters. , 


F. F. Vater Killed in Auto Mishap 

FRIENDS and acquaintances of Frank F. Vater were 
shocked to learn of his sudden death on January 10, due to 
an automobile accident near Milwaukee. Those in the 
power plant field will remember Mr. Vater as president of 
the Power Plant Specialty Co. of Chicago. 

He was born at Indianapolis, December 24, 1859. In 
his earlier years in business he was connected with the Atlas 
Engine Works as a draftsman and salesman. Later on he 
was the head of a power plant equipment company in 
Minneapolis. Shortly after the World’s Fair in Chicago he 
became connected with Westinghouse, Church, Kerr & Co., 
which firm represented the Westinghouse Electric and Mfg. 
Co. in securing contracts for power plant equipment. He 
was also associated for a short time with the Filer-Stowell 
Co. of Milwaukee and the A. Sorge, Jr., Co. of Chicago. 

In 1904 he organized the Power Plant Specialty Co. of 
Chicago, of which -he was the head when he died. This 
firm specializes in boiler feed water analysis and treatment. 

He was a member of the American Society of Mechan- 
ical Engineers, the Western Society of Engineers and the 
Engineering Advertisers Association. 

He is survived by his wife, Ella N. Vater, a son, Donald 
F. Vater, and a daughter, Mrs. Fred Schmitt of Milwaukee. 


News Notes 


Griscom-RussELt Co. has moved its main office to 285 
Madison Ave., New York. 

Tue Terry Steam Tursine Co. of Hartford, Conn., 
announces the appointment of John M. Rittelmeyer, with 
offices in the Healey Bldg., Atlanta, Ga., as representative 
in this territory. 

PENNSYLVANIA CRUSHER Co. moved its general offices 
from the Stephen Girard Bldg. to the Liberty Trust Bldg. 
at the corner of Broad and Arch Sts., Philadelphia, Pa., on 
January 1, which will give the company additional space 
and adequate facilities for serving its customers. 

THe Baker Ice MAcuine Co. of Omaha, Nebr., has 
established a branch agency at 612 Race St., Philadelphia, 
where a complete line of its products will be carried for 
distribution to Eastern States. This new branch will be 
managed by H. G. Venemann, who for the past 9 yr. has 
been general sales manager at the factory in Omaha. 


J. Henry RoraBack has been elected president of the 
Connecticut Light & Power Co., succeeding Lewis Lillie of 
Philadelphia. Mr. Roraback has long been active in the 
affairs of the company, having been its counsel at the 
time its charter was obtained, and has been vice-president 
of the company since its incorporation in 1917. 


THe NationaL VALvE and Manufacturing Co., Pitts- 
burgh, Pa., announces the appointment of the Ernest E. 
Lee Co., 115 South Dearborn St., Chicago, Ill., as district 
representatives to cover the territory including the State 
of Illinois south to Springfield, Eastern Iowa, Southern 
Wisconsin and Northern Indiana. 
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ORDERS RECEIVED by the General Electric Co. for the 
year ending December 31, 1925, amounted to $302,513,380, 
according to an announcement by Gerard Swope, president 
of the company. Compared with $283,107,697 for the year 
1924, this was an increase of 7 per cent. For the three 
months ending December 31, 1925, orders totaled $78,636,- 
669, compared with $80,009,978 for the same quarter c* 
1924, a decrease of 2 per cent. 


IN CONNECTION with an expansion program for 1926, 
the Detroit Edison Company, Detroit, Mich., is arranging 
for extensions in its power plants at Trenton Channel and 
Marysville. At the first noted, the work will include the 
installation of two 50,000-kw. turbo-generators, condensers 
and auxiliary machinery, while at the Marysville Station, a 
30,000-kw. turbo-generating unit, and accessories will be 
installed. A contract for the prime movers has been given 
to the General Electric Co., and it is expected to place work 
in progress at an early date. The company has called a 
meeting of stockholders on Feb. 1, to approve an increase 
in capital from $85,000,000 to $122,000,000, a portion of 
the proceeds to be used in connection with the expansion 
program. 

THE Draxe Non-Cuinkertne Furnace Block Co. of 
New York City, announces the following changes in its 
organization: Alfred Campbell, who was formerly district 
sales representative in the Pittsburgh and Cincinnati 
territories, has been appointed general manager. Harry 
Baumgartner, who was formerly with the Public Service 
Co. at Essex Station, has been retained as refractory en- 
gineer. D. B. Wilson has been appointed district sales 
representative in Philadelphia and is also in charge of 
Baltimore and Washington territories. 

Rosert Spurr Weston and George A. Sampson, con- 
sulting engineers, were speakers before the January meet- 
ing of the New England Water Works Association on “Im- 
provements of the Keene, N. H., Water Works,” and 
Charles W. Sherman on “Economy of Municipal Bonds for 
Water Works Construction.” The meeting was held at the 
Twentieth Century Club, Boston, Mass. 

THE PalcE & JoNES CHEMICAL Co. has purchased prop- 
erty adjoining its plant at Hammond, Ind., and is con- 
structing extensive additions that will double the plant 
capacity and will give combined office space of over 5000 
sq. ft. 

MANY IMPORTANT development plans have been in- 
augurated by the operating companies in the Midland 
Utilities Co. during the past few months. The biggest 
development planned is the construction of a large electric 
generating station at Michigan City, Ind., by the Calumet 
Gas and Electric Co. The initial capacity of this station 
will be 60,000 kw. It will be designed for the installation 
of additional and larger units as they are needed. Con- 
struction of this station will begin in the early spring and 
the first generating unit, which will consist of two turbines 
each with a capacity of 30,000 kw., is scheduled to be placed 
in operation in August, 1927. 

A 10-STORY REFRIGERATING plant, storage warehouse 
and a center for various wholesale branches of meat-pack- 
ing concerns, is to be erected at 106th Street and the Cal- 
umet River, Chicago, Illinois, by the South Chicago Cold 
Storage Company. Work on the building is expected to 
start in the spring of 1926, and plans will soon be drawn 
for the building by B. K. Gibson Co., 624 S. Michigan 
Ave., Chicago. 





